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fori:  word 


In  April  1972,  the  Spn  Francisco  District  of  the  United  States 
Army  Corps  of  Engineers  initiated  a three  and  one-half  year  $2.8 
million  study  to  quantify  the  impact  of  dredging  and  dredged  material 
disposal  operations  on  the  San  Francisco  Bay  and  Estuarine  environ- 
ment. The  study  is  generating  factual  data,  based  on  field  and 
laboratory  studies  needed  for  the  Federal,  State  and  local  regula- 
tory agencies  to  evaluate  present  dredging  policies  and  alternative 
disposal  methods. 

The  study  is  set  up  to  isolate  the  questions  regarding  the  en- 
vironmental impact  of  dredging  operations  and  to  provide  answers  at 
the  earliest  date.  The  study  is  organized  to  investigate  (a)  the 
factors  associated  with  dredging  and  the  present  system  of  aquatic 
disposal  in  the  Bay,  (b)  the  condition  of  the  pollutants  (biogeo- 
chemical), (c)  alternative  disposal  methods,  and  (d)  dredging 
technology.  The  study  elements  are  intended  first,  to  identify 
the  problems  associated  with  dredging  and  disposal  operations  and. 
second,  to  address  the  identified  problems  in  terms  of  mitigation 
and/or  enhancement.  The  division  into  separate  but  inter-related 
study  elements  provides  a greater  degree  of  expertise  and  flexi- 
bility in  the  Study. 

This  report  presents  the  findings  of  Appendix  J,  Land  Disposal. 
The  overall  study  will  be  the  basis  for  preparation  of  an  composite 
Environmental  Impact  Statement  for  Dredging  Activities  in  San 
Francisco  Bay  System.  A draft  final  report  on  the  entire  study  is 
scheduled  for  completion  in  June  1975. 
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APPENDIX  LAND  DISPOSAL 
INTRODUCTION 

The  land  disposal  study  is  one  of  three  studies  which  address 
the  feasibility  of  alternatives  to  the  present  system  of  aquatic 
disposal  in  San  Francisco  Bay  waters.  Hie  other  two  alternative 
studies  are  concerned  with  marshland  development  utilizing  dredged 
sediments  and  ocean  disposal.  The  overall  objective  of  the  Land 
Disposal  Study  is  to  determine  the  economic,  technical,  and  environ- 
mental feasibility  of  land  disposal  of  dredged  material  from  San 
Francisco  Bay  and  to  develop  a useful  economic  comparison  model  for 
land  and  water  alternative  disposal  systems.  The  following  work 
items  have  been  performed  in  keeping  with  study  objectives: 

a.  Identify  potential  areas  suitable  for  land  disposal  of 
dredged  material. 

b.  Develop  a relative  cost  comparison  computer  model  capable 
of  evaluating  the  economic  efficiency  of  present  dredging  operations 
as  well  as  theoretical  alternative  dredging  and  transport  systems. 

c.  Utilizing  the  cost  comparison  model,  evaluate  various 
alternative  disposal  schemes  which  vary  with  respect  to  equipment 
(trailing  suction  hopper  dredge  with  and  without  direct  pumpout, 
clam  shell,  and  hydraulic  cutterhead  dredge),  transport  mode  (hopper 
direct  haul,  pipeline  and  transfer  facility,  tug  and  barge),  and 
disposal  site  (Bay,  ocean,  intertidal  and  land). 

d.  Determine  the  practicability  of  the  land  disposal  alter- 
native in  terms  of  environmental  advisability,  technical  feasibility, 
and  economics. 

This  appendix  is  not  a document  for  implementing  a land 
disposal  system  for  the  Bay  Area.  It  is  a feasibility  study  of 
land  disposal.  Inclosure  1 contains  a reporr  prepared  by  the  Inter- 
national Engineering  Company,  Inc.  (1EC0)  under  contract  number 
DACW07-73-C-0079  with  the  San  Francisco  District,  Corps  of  Engineers. 
As  the  work  of  an  independent  consultant  the  findings  of  this  report 
were  not  changed  materially  during  the  Government  reviewing  process. 

Though  the  development  of  cost  estimates  for  dredging  equipment 
was  important  in  the  comparison  of  land  and  aquatic  disposal  schemes, 
these  estimates  are  not  a central  issue  in  this  report.  In  the  final 
analysis  the  report  is  not  concerned  with  the  relative  economic  ef- 
ficiency of  dredge  equipment,  but  rather,  the  comparative  economics 
of  alternative  disposal  schemes.  However,  considering  the  potential 
for  misuse  of  the  dredge  equipment  costs  and  computer  model  results 
presented  in  this  report  the  following  discussion  is  provided 


DREDGING  EQUIPMENT  COST/PRODUCTION 
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The  great  majority  of  dredging  in  San  Francisco  Bay  is  performed 
by  two  trailing  suction  hopper  dredges  owned  and  operated  by  the  Corps 
of  Engineers.  These  Government  plants  are  not  directly  comparable  to 
privately  owned  hydraulic  cutterhead  and  clamshell  dredges.  Hopper 
dredges  are  used  for  transporting  dredged  material  as  well  as  dredging 
whereas  other  dredges  require  a supporting  transport  mode.  The  govern- 
ment plants  also  have  a guaranteed  work-load  whereas  private  operators 
must  compete  for  contracts  and  may  work  only  a portion  of  any  given 
year.  Hopper  production  in  bank  yardage  is  not  usually  calculated  by 
the  Corps  from  before  and  after  surveys,  but  is  based  upon  readings  of 
a yardage  meter  which  is  calibrated  to  reflect  the  density  of  the 
dredge  material  in  the  shoal.  Material  excavated  from  beyond  the  limits 
of  the  required  work,  therefore,  may  still  be  recorded  as  pay  yardage. 
Private  plants  on  the  other  hand  are  paid  upon  the  basis  of  detailed 
before  and  after  dredging  surveys.  The  above  factors  and  others  greatly 
complicate  a valid  comparison  of  Government  and  private  dredge  equip- 
ment production. 

The  following  methods  and  assumptions  were  used  by  IECO  in  the 
preparation  of  dredging  equipment  hourly  costs  and  production  rates 
for  the  model  study. 

a.  Hourly  Costs. 

(1)  Trailing  suction  hopper  dredges . Hourly  costs  for 
hopper  dredges  were  assumed  to  be  similar  to  that  of  the  CHESTER 
HARDING  hopper  dredge  (built  in  1939)  which  is  one  of  the  two  Govern- 
ment plants  operating  in  San  Francisco  Bay.  Hourly  operating  costs 
for  the  HARDING  were  determined  from  the  Consolidated  Statement  of 
Operations  (most  recent  edition  available  during  preparation  of  the 
consultant's  report  - Fiscal  Year  1971)  published  by  the  North  Atlantic 
Division  of  the  Corps  of  Engineers.  To  calculate  the  operating  costs 
of  the  HARDING  the  "Total  Field  Expense"  was  used  - that  is,  the 
costs  for  payrolls,  subsistence,  fuel,  plant  rental,  insurance,  at- 
tendant plant,  and  miscellaneous  costs.  The  capitalized  first  cost 

for  the  HARDING  based  on  the  salvage  value  ($2  million)  and  remaining 
life  (13  years)  as  well  as  reported  costs  for  maintenance,  repair, 
and  replacement  were  also  used  to  calculate  the  total  hourly  cost  of 
operation.  Not  included  were  costs  of  survey,  inspection  and  super- 
vision, overhead  and  other  indirect  costs.  Hopper  dredge  costs  were 
escalated  from  those  shown  on  the  FY  1971  Statement  of  Operations  to 
present  day  (1974)  costs.  A 5,000  hours  annual  usage  was  also  assumed. 

(2)  Clamshell  and  hydraulic  dredges.  Hourly  costs  for  clam- 
shell and  hydraulic  dredges  were  developed  based  upon  various  sources 
of  information,  dredging  contractors  and  dredge  manufacturers.  In 
each  case,  the  hourly  costs  shown  include  the  capitalized  initial  cost 
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(based  on  a 20-year  life  a 6-7/8  percent  interest  rate1*),  insurant, 
operating  cost,  maintenance  cost  and  direct  labor.  All  cost/;  are 
based  on  5,000  hours  annual  use  and  include  no  overhead,  or  admini 
trative  costs. 

b . Production  Rates. 

(1)  Trailing  suction  hopper  dredges.  Production  rates 
for  a representative  hopper  dredge,  the  CHESTER  HARDTNG,  were  taken 
from  the  HARDING  dredging  records.  The  records  (Report  of  Opera- 
tions - Hopper  Dredges,  compiled  by  the  North  Atlantic  Division  ■' 
the  Corps  of  Engineers)  dated  back  to  1959.  These  records  showed 
that  the  overall  average  pumping  time  of  the  HARDING  is  28  minutes, 
the  average  dumping  time,  five  minutes,  and  the  average  travel  speed 
of  the  dredge  about  nine  miles  per  hour.  The  records  showed  that 
the  HARDING  averaged  (weighted  in  proportion  to  dredged  volume  at 
dredging  sites)  2,200  cubic  yards  of  dredged  material  in  its  hoppers 
per  trip,  but  that  the  actual  volume  excavated  from  the  bank  averaged 
(also  weighted)  1970  cubic  yards.  The  total  excavated  bank  yardage 
used  in  the  analysis  was  the  sum  of  the  credited  (in-place)  volume 
based  upon  the  yardage  meter  readings  plus  the  estimates  of  the  excess 
(over-dredging)  and  the  natural  shoaling  or  sloughed  material.  These 
figures  show  that  the  ratio  of  hauled  yardage  to  bank  (shoal)  yardage 
is  about  1.12,  or  a bulking  factor  of  12  percent. 

(2)  Clamshell  and  hydraulic  dredges.  In  the  case  of  lam- 
shell  and  hydraulic  dredges,  equipment  characteristics  similar  to 
those  of  available  local  dredges  were  assumed  while  more  efficient 
characteristics  were  assigned  to  dredges  designated  as  more  tailored 
to  San  Francisco  Bay  conditions.  This  resulted  in  a feasible  range 
of  productivities  for  these  two  types  of  dredges.  Production  rates 
developed  for  hydraulic  and  clamshell  dredges  are  assumed  to  apply 
only  to  optimum  operating  conditions.  A study  of  the  shoaling  pat- 
terns of  each  site  -was  made  to  determine  reduction  factors  applicable 
to  each  dredge  type.  Because  each  machine  is  capable  of  covering  a 
particular  area  each  day,  a certain  depth  or  cut  is  required  if  the 
dredge  is  to  accomplish  its  maximum  production:  the  ratio  of  the  act- 
ual average  depth  to  the  optimum  depth  is  a reduction  factor  which 
must  be  applied  to  the  maximum  rate.  Additional  reduction  factors 
arbitrarily  applied  included-  wedge-shaped,  minus  10  percent:  spot  tv 
or  separated  shoaling,  minus  15  percent:  and  narrow  or  restricted  work 
areas,  minus  5 percent  (for  hydraulic  dredges  only). 

* Development  of  costs  for  capital  investment  features  of  the  various 
equipment  types  utilize  a discount  rate  of  6-7/8  percent.  Based  on 
the  Water  Resource  Development  Act  of  1974,  PL  93-251,  the  discount 
rate  for  planning  Federal  water  resources  developments  has  been  re- 
vised to  5-7/8  percent.  This  reduction  will  decrease  the  average 
annual  costs  shown  in  the  report  for  capital  investments  bv  about 
10  percent.  The  use  of  different  interest  rates  do  not  arfect 
operation  and  maintenance  costs. 
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The  estimates  of  dredge  equipment  costs  and  productivities  are 
necessarily  subjective  in  nature.  The  altering  of  one  or  several 
of  the  assumptions  made  by  the  consultant  could  make  a significant 
difference  in  the  resulting  figures.  For  purposes  of  providing  a 
range  of  estimates  for  comparison,  the  computer  model  developed  by 
IECO  was  rerun  altering  some  of  the  basic  assumptions  used  in  the 
preparation  of  the  report.  Table  1 is  a summary  of  the  equipment 
hourly  costs  and  production  figures  used  in  the  IECO  report  (Esti 
mate  1)  and  the  figures  used  for  the  second  comparative  model  run 
(Estimate  2).  Estimate  2 was  prepared  in  cooperation  with  the  West 
Coast  Dredging  Contractors  Association. 

TABLE  1 


HOURLY  COSTS  AND  DAILY  PRODUCTION  RATES 
FOR  DREDGING  EQUIPMENT 


ESTIMATE  1 * 

HOURLY 

DREDGE  TYPE  PRODUCTION  COST 

ESTIMATE  2 ** 
HOURLY 

PRODUCTION  COST 

1,000  cy/day 

dollars 

1,000  cy/day 

dollars 

Hopper  dredge 

Bottom  dump 

31.4 

402 

27.3 

506 

Direct  pump 

37.0 

439 

32.3 

532 

Clamshell 

Average  plant 

9 cy 

6.5 

170 

7.8 

149 

13  cy 

9.4 

195 

11.2 

165 

18  cy 

13.0 

221 

15.6 

182 

Special  plant 

9 cy 

7.8 

179 

13  cy 

11.2 

207 

18  cy 

15.6 

237 

Hydraulic 

Average  plant 

16  inch 

10.0 

15  7 

12.5 

146 

24  inch 

20.0 

276 

28.1 

252 

30  inch 

30.0 

351 

44.0 

317 

36  inch 

40.0 

384 

63.2 

346 

Special  plant 

16  inch 

12.5 

163 

24  inch 

25.0 

289 

30  inch 

37.0 

370 

36  inch 

50.0 

405 

* ALL  EQUIP:  Annual 

Use  5000  hrs  **  ALL 

EQUIP : Annual 

Use  6500 

HOPPER  (EXISTING) : 

Book  Value 

hrs 

$2  mill:  Remaining  Life  13  yrs; 
Bulking  Factor  12% 

CLAMSHELL:  (NEW)  Book  Values  $2.1, 
2.9,  3.8,  2.5,  3.5,  and  4.5 
mill:  Life  20  yrs 

HYDRAULIC:  (NEW)  Book  Values  $1.1, 
3.0,  4.4,  4.9,  1.3,  3.6,  5.3  & 

5.9  mill-  Life  20  yrs 


HOPPER  (NEW)  : Book  Value  $24 

mill;  Life  50  yrs.  Bulking 
Factor  25% 

CLAMSHELL:  (NEW)  Book  Values  $2 
Life  50  yrs 


3.5  & 4.5  mill 
HYDRAULIC : (NEW)  Book  Values 
3.6,  5.3  & 5.9  mill:  Life  50 
yrs 


$1 
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The  second  estimate  increased  the  cos t/production  ratio  for 
bottom  dump  and  direct  pumpout  hopper  dredges  by  45  and  38  percent, 
respectively.  The  cost/production  ratios  for  9,  13,  and  18  cy 
clamshell  dredges  on  the  other  hand  were  reduced  27,  30,  and  32 
percent.  Hydraulic  plant  (16,  24,  30,  and  36  inch)  cost/production 
ratios  were  similarity  reduced  by  26,  33,  39,  and  43  percent  in 
Estimate  2. 


MODEL  SENSITIVITY  STUDY 

Chapter  VII  of  the  IECO  report  presents  in  detail  the  seven 
disposal  schemes  analyzed  by  the  cost  comparison  model.  For  purposes 
of  comparison  these  seven  schemes  were  reanalyzed  using  input  data 
compiled  in  Estimate  2.  A complete  summary  of  results  of  the  two 
computer  runs  (Run  1 - IECO,  Run  2 - Estimate  2)  has  been  included 
as  Inclosure  2 of  this  appendix. 

To  provide  a basis  for  comparison  of  the  two  computer  runs, 
one  set  of  weighted  averages  based  on  average  annual  volume  of 
material  generated  at  each  dredging  site  were  calculated.  Table 
2 compares  the  weighted  averages  of  the  "Least  Cost  Only"  alter- 
natives for  each  scheme  presented  in  Inclosure  2 . In  general , 
the  weighted  averages  from  the  two  computer  runs  are  comparable. 

TABLE  2 


WEIGHTED  AVERAGES  FOR  "LEAST  COST  ONLY"  ALTERNATIVES 


SCHEMES 

RUN  1 
($/cv) 

RUN  2 
(S/cv) 

I 

100  Fathom  Site 

0.78 

0.71 

II 

Petaluma  Land  Disposal  Site 

0.81 

0.86 

III 

Sherman  Is.  Land  Disposal  Site 

0.94 

0.95 

IV 

Closest  Aquatic  Disposal 

0.41 

0.44 

V 

Closest  Seaward  Aquatic  Disposal 

0.44 

0.44 

VI 

Compliance  w/RWOCB  (Bay  & Ocean) 

0.70 

0.65 

VII 

Compliance  w/RWQCB  (Bay  & Land) 

0.73 

0.64 

The  major  difference 
equipment  mix  within  each 
alternative  equipment  mix 


between  the  two  runs  was  the  resulting 
scheme.  Table  3 is  a "Least  Cost  Only" 
taken  from  Scheme  I of  Inclosure  2. 
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TABLE  3 


EQUIPMENT  MIX  FOR  "LEAST  COST  ONLY 

SCHEME  I 

" ALTERNATIVES 

DREDGING 
SITE  1/ 

RUN  1 

RUN  2 

1 

Hopper/Direct  Pumpout,  scow. 
Dump  Basin,  Fixed  Pipeline 

Hopper/Direct  Pumpout,  scow. 
Dump  Basin,  Fixed  Pipeline 

2 

Hopper/Direct  Pumpout,  scow. 
Dump  Basin,  Fixed  Pipeline 

Hopper/Direct  Pumpout,  scow , 
Dump  Basin,  Fixed  Pipeline 

3 

18  CY  Clam,  Bottom  Dump  Scow, 
Dump  Basin,  Fixed  Pipeline 

18  CY  Clam,  Bottom  Dump  Scow, 
Dump  Basin,  Fixed  Pipeline 

4 

18  CY  Clam,  Bottom  Dump  Scow, 
Dump  Basin,  Fixed  Pipeline 

18  CY  Clam.  Bottom  Dump  Scow 
Dump  Basin,  Fixed  Pipeline 

5 

Hopper/Direct  Pumpout,  scow. 
Dump  Basin,  Fixed  Pipeline 

Hopper /Direct  Pumpout,  Bottom 
Dump  Scow 

6 

Hopper/Direct. Pumpout , scow. 
Dump  Basin,  Fixed  Pipeline  ) 

18  CY  Clam,  Bottom  Dump  Scow 

7 

18  CY  Clam,  Bottom  Dump  Scow 
Dump  Basin,  Fixed  Pipeline 

18  CY  Clam,  Bottom  Dump  Scot-.' 
Dump  Basin,  Fixed  Pipeline 

8 

Hopper/Direct  Pumpout,  scow. 
Dump  Basin,  Fixed  Pipeline 

18  CY  Clam,  Bottom  Dump  Scow 

9 

Hopper /Direct  Pumpout,  scow. 
Dump  Basin,  Fixed  Pipeline 

18  CY  Clam,  Bottom  Dump  Scow 

10 

Hopper/Direct  Pumpout,  Bottom 
Dump  Scow 

18  CY  Clam,  Bottom  Dump  Scow 

11 

Hopper /Direct  Pumpout,  Bottom 
Dump  Scow 

18  CY  Clam,  Bottom  Dump  Scow 

12 

Hopper /Direct  Pumpout,  Bottom 
Dump  Scow 

18  CY  Clam,  Bottom  Dump  Scow 

(4)  Petaluma  River,  (5)  Pinole  Shoal,  (6)  Richmond  Long  Wharf,  (7) 
San  Rafael  Cr. , (8)  W.  Richmond  Channel,  (9)  Richmond  Harbor,  (10) 
Oakland  Harbor,  (11)  San  Francisco,  (12)  Redwood  City. 
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Scheme  I - Run  1 - "Least  Cost  Only"  selected  the  use  of 
hopper  dredges  for  maximum  efficiency  in  9 of  the  12  dredging 
sites.  On  the  other  hand.  Scheme  I - Run  2 - "Least  Cost  Only" 
designated  the  18-cy  clamshell  dredge  as  most  efficient  in  9 out 
of  12  project  areas.  This  discrepancy  was  to  be  expected  con- 
sidering that  hopper  dredge  average  costs/cubic  yard  were  in- 
creased while  clamshell  average  costs/cubic  yard  were  decreased 
in  Equipment  Estimate  2. 

Though  the  model  is  an  effective  tool  for  estimating  the 
relative  costs  of  alternative  dredging  and  disposal  schemes,  the 
altering  of  several  parameters  in  the  program  may  significantly 
change  the  ordering  and  costing  of  dredging  systems  equipment. 

In  addition,  though  all  of  the  equipment  combinations  discussed 
in  the  inclosed  report  are  theoretically  feasible,  some  of  the 
equipment  combinations  may  be  impractical  from  an  environmental 
or  technical  standpoint. 

Utilizing  detailed  engineering,  technical,  and  environmental 
information  as  well  as  the  results  of  the  model  study,  the  inclosed 
contractor's  report  addresses  the  feasibility  of  land  disposal  of 
dredged  material  in  San  Francisco  Bay. 

CONTINUING  STUDIES 

This  appendix  represents  one  of  thirteen  support  or  input 
documents  to  the  Final  Report.  The  appendix  is  an  information 
document  and  any  comments  received  will  assist  in  the  prepara- 
tion of  the  Final  Report.  In  addition,  further  studies  will  be 
conducted  with  respect  to  "Land  Disposal"  and  the  "Economic 
Comparison  of  Alternative  Dredging  and  Disposal  Systems"  as  follows- 

a.  More  detailed  environmental  analysis  of  potential  land 
disposal  sites. 

b.  Exploration  of  the  availability  of  the  identified  poten- 
tial land  disposal  sites. 

c.  Further  use  of  the  computer  model  for  estimating  the 
relative  costs  of  alternative  dredging  and  disposal  schemes. 
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SUMMARY 

A controversy  has  arisen  in  recent  years  between  environmental  and  develop- 
ment interests  as  to  the  potential  adverse  effects  of  present  dredged  spoil 
disposal  practices  on  the  marine  environment  of  the  San  Francisco  Bay  and 
Estuary.  The  San  Francisco  District  of  the  Corps  of  Engineers,  which  has 
the  responsibility  for  the  majority  of  Bay  dredging,  has  embarked  upon  a 
comprehensive  study  of  dredging  to  develop  information  to  assist  in  resolv- 
ing the  conflict.  The  purpose  of  the  study  is  to  determine  the  environ- 
mental effects  of  dredging  in  San  Francisco  Bay  and  Estuary  and  to  investi- 
gate modifications  and  alternatives  which  may  mitigate  detrimental  effects 
of  current  dredging  practices. 

In  this  report,  which  is  part  of  the  District's  study,  one  potential  alter- 
native to  aquatic  disposal  of  dredged  material  is  investigated:  land  dis- 

posal. The  objective  of  the  study,  as  set  forth  in  Schedule  “A"  of  the 
Scope  of  Services  of  Contract  DACW  07-73-C-0079 , is  to  determine  the 
(1)  economic,  (2)  technical,  and  (3)  environmental  feasibility  of  land  dis- 
posal for  material  dredged  from  San  Francisco  Bay,  and  to  develop  a useful 
comparison  of  alternative  land  and  water  disposal  systems.  To  acco<  - 
plish  this  objective,  studies  were  required  in  the  two  distinct  areas 
of  (1)  land  disposal  sites,  and  (2)  dredging  and  transport  system,.  Land 
disposal  site  studies  included  the  identification  of  potentially  suitable 
sites,  assessment  of  factors  pertinent  to  their  selection,  development,  and 
operation,  and  development  of  order-of-magnitude  costs.  An  analysis  of 
dredging/transport  systems  was  performed,  utilizing  a mathematical  simulation 
model  programmed  for  solution  on  a digital  computer,  and  relative  costs  of 
dredging  and  transportation  using  various  dredging/transport  modes  and 
using  both  aquatic  and  land  disposal  sites  were  determined. 


The  methodology  for  the  studies  was  briefly  as  follows: 

• Land  Disposal  Sites  - Working  within  prescribed  parameters  (size, 
elevation,  distance,  etc.),  potential  sites  were  identified  through  field 
and  office  studies  and  evaluated  on  the  basis  of  technical,  environmental, 
economic,  and  administrative  factors.  The  most  viable  potential  sites 
were  displayed  graphically  and  significant  factors  affecting  their  feasi- 
bility as  disposal  areas  listed.  Next,  development  and  operation  processes 
for  land  disposal  sites  were  outlined.  Such  items  as  evaluation  of  existing 
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conditions,  site  preparation,  foundation  settlement,  dike  design  and  con- 
struction, separation  of  solids  in  a slurry  from  transporting  waters  by  sedi- 
mentation and  evaporation,  and  design  of  settling  ponds  were  discussed.  A 
study  of  the  placement  and  processing  of  slurry  in  the  disposal  areas  followed, 
and  a section  on  the  hypothetical  development  of  representative  sites  included. 
Finally,  the  subjects  of  enhancement  and  future  use  of  disposal  sites  were 
discussed. 

Early  in  the  study,  it  was  concluded  that  definitive  data  on  the  physical  and 
chemical  characteristics  of  the  Bay  sediments  were  lacking;  accordingly,  a 
program  of  sampling  and  testing  of  material  from  the  dredging  sites  was  imple- 
mented. Included  were  testing  of  the  engineering  properties  of  the  material, 
settlement  tests,  chemical  testing  of  the  bottom  sediments  and  elutriates, 
and  cation  exchange  tests.  The  engineering  tests  were  used  in  spoil  placing 
and  processing  analyses,  settling  tests  were  used  in  settlement  pond  analyses, 
chemical  tests  were  used  when  studying  the  feasibility  of  discharging  super- 
natant water  from  settling  ponds  to  adjacent  waters,  and  the  cation  exchange 
tests  used  to  determine  the  suitability  of  dredged  material  for  agricultural  use. 

It  was  determined  from  the  land  disposal  portion  of  the  study  that  there  are 
disposal  sites  with'n  a reasonable  distance  of  dredging  sites  which  meet  the 
established  criteri.  There  are,  of  course,  additional  costs  associated  with 
land  disposal.  Costs  for  developing  and  operating  two  of  the  most  likely 
potential  sites,  one  at  the  north  end  of  San  Pablo  Bay  near  the  Petaluma 
River  and  the  other  on  Sherman  Island  in  the  Sacramento-San  Joaquin  River 
delta,  are  tabulated  below: 

Petal uma  Sherman  Island 

1.  Unprocessed  Material* 

Unit  site  development  cost  $0.19/c.y.  $0.17/c.y. 

(Includes  capital  costs  of  acquisition 
and  development  and  O&M  costs) 

2.  Processed  Material** 

Unit  site  development  cost  $0.59/c.y.  $0.66/c.y. 

(Includes  costs  of  (1)  plus  site 
preparation  and  processing  costs) 

♦Material  placed  hydraulically  in  disposal  ponds  with  no  further  treatment  than 
decantation  of  water. 

♦♦Material  which  has,  in  addition  to  the  above,  been  improved  by  mechanical 
,1  working. 


It  is  possible  that  the  value  of  a land  disposal  site  could  be  erihcn 
of  improved  drainage,  wildlife  habitat  or  recreational  potential,  i ; (cul- 
tural or  industrial  use,  and  the  cost  of  development  offset.  This  \ .sib' 
was  not  explored  quantitatively  in  this  study,  however. 

• Alternative  Disposal  Systems  - A comprehensive  study  of  the  equipmen; 
required  to  remove  and  transport  dredged  material  from  dredging  to  disposal 
sites  was  made.  Various  types  of  dredges  (clamshell,  hydraulic,  and  hopper) 
were  studied  in  detail  and  production  rates  and  costs  developed.  Three 
basic  modes  of  transport:  the  hopper  dredge,  tugs  and  scows,  and  pipelines, 
were  considered  and  production  rates  and  costs  established.  Finally,  a 
study  of  transfer  equipment,  i.e.,  equipment  used  to  change  transport  modes, 
was  made,  and  conceptual  designs  and  costs  developed.  Three  basic  types  of 
transfer  stations  were  studied:  the  first  a barge-mounted  unit  including 

pumping  and  other  facilities,  the  second  a fixed  installation  in  San  Pablo 
Bay,  and  the  third  a fixed  installation  at  a land  disposal  site. 

A cost  comparison  model  was  developed  to  compare  alternative  dredging/ trail  - 
port  systems.  Using  input  data  on  dredging  and  disposal  sites  as  well  as 
characteristics  and  costs  of  dredging,  transporting,  and  transfer  equipment, 
the  model  simulated  various  alternative  disposal  systems  and  computed  costs 
for  each.  The  least  cost  alternatives  were  tabulated  and  shown  graphically. 

Seven  disposal  schemes,  defined  by  disposal  sites,  were  analyzed.  The  schemes 
and  their  costs  are  tabulated  below: 


Scheme 

Description 

Least  Cost  (Aver, 

I. 

Aquatic  Disposal  - 100  Fathom  Line 

$0. 78/cy 

* 

II. 

Land  Disposal  - Petaluma 

$0.81/cy 

III. 

Land  Disposal  - Sherman  Island 

$0.94/cy 

IV. 

Aquatic  Disposal  - Closest 

$0.41/cy 

*! 

V. 

Aquatic  Disposal  - Closest  Seaward 

S0.44/cy 

VI. 

Aquatic  Disposal  - RWQCB  Criteria 

$0.70/cy 

i 

VII. 

Land  and  Aquatic  Disposal  - RWQCB  Criteria 

$0 . 73/cy 

The  costs  do  not  include  overhead,  supervision  or  profit. 
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It  was  found  from  the  analysis  that  the  most  economical  dredging  machine  was 
the  hopper  dredge,  followed  by  the  large  capacity  clamshell  dredge.  For  short 
hauls,  it  was  determined  that  the  bottom-dump  hopper  dredge  was  the  most  eco- 
nomical mode  of  transport.  For  longer  hauls,  if  a fixed  pipeline  was  included 
in  the  system,  it  was  found  to  be  the  most  economical.  For  other  long  hauls, 
a tug-scow  combination  was  found  to  be  the  least  costly  transport  mode. 

The  following  general  comments  and  conclusions  pertaining  to  the  study  are 
offered: 

From  the  outset,  it  was  recognized  that  very  little  information  was  readily 
available  on  the  subjects  to  be  studied.  Many  assumptions  regarding  the  sub- 
jects of  dredging,  transport  operations  and  site  development  were  made  and 
incorporated  into  the  studies  and,  consequently,  into  the  factors  which  assist 
in  defining  the  feasibility  of  land  disposal.  Future  studies  and  experience 
may  alter  or  verify  the  assumptions  made  in  this  report. 

Under  certain  conditions,  large-scale  land  disposal  of  dredged  materials  is 
feasible  when  compared  with  current  aquatic  disposal  practices.  The  main  con- 
ditions are  (1)  that  financing  is  available  to  capitalize  an  undertaking  of 
this  magnitude,  including  the  acquisition  and  development  of  suitable  land 
disposal  sites  and  the  acquisition  of  equipment  required  to  transport  and  dis- 
tribute dredged  material  to  the  sites,  and  (2)  that  a centralized  permitting 
and  authorizing  organization  is  established  to  sequence  and  control  dredging 
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CONCLUSIONS 

1.1  GENERAL 

This  report  represents  an  initial  in-depth  survey  and  determination  of 
factors  affecting  the  feasibility  of  land  disposal  of  dredged  materials 
from  San  Francisco  Bay.  Given  all  the  technical,  environmental,  economic 
and  administrative  factors  identified  in  the  following  chapters,  it  is  still 
very  difficult  to  reach  a decision  concerning  the  feasibility  of  land  dis- 
posal for  several  reasons.  First,  feasibility  must  be  defined  in  relative 
terms;  many  reference  bases  exist  which  may  be  used.  Second,  the  value  or 
weight  attached  to  any  factor  or  group  of  factors  is  open  to  subjective  in- 
terpretation. Third,  because  of  the  initial  study  nature  of  this  report, 
many  of  the  factors  which  significantly  affect  feasibility  are  based  on 
assumptions  which  may  be  challenged,  modified,  or  verified  in  the  future. 

1.2  SUMMARY  OF  PERTINENT  FACTORS 

• Techni cal  - There  are  apparently  no  insurmountable  technical  prob- 
lems associated  with  land  disposal.  It  must  be  realized  that  considerable 
engineering  work  must  be  accomplished  to  develop  and  implement  the  operation 
of  a land  disposal  site  as  well  as  to  develop  the  new  and  innovative  dredg- 
ing/transport systems  which  will  yield  low  cost  operations. 

t Envi ronmental  - The  scarcity  of  information  regarding  the  environ- 
mental effects  of  both  land  and  aquatic  disposal  of  dredged  material  renders 
environmental  factors  difficult  to  quantify  and  relate  to  other  factors. 
Consideration  of  environmental  effects  and  potential  uses  of  operational 
and  completed  land  disposal  sites  involves  many  intangible  and  indetermin- 
ate factors;  the  importance  of  these  factors  will  undoubtedly  be  relative 
to  a variety  of  viewpoints. 


A number  of  environmental  considerations  regarding  land  disposal  are  sub 
ject  to  specific  regulations.  It  is  important  to  recognize  that  should 
certain  of  these  regulations  change,  such  as  the  Environmental  Protection 
Agency's  dredged  material  disposal  criteria,  the  feasibility  of  land  dis- 
posal may  be  significantly  affected.  Regulations  concerning  the  quality  of 
effluent  water  from  land  disposal  site  operations  must  be  met;  it  appears 
that  they  most  likely  can.  It  is  anticipated  that  noise  and  air  pollution 
standards  can  also  be  met.  It  appears  probable  that  neither  ground  water 
nor  surface  water  quality  need  be  impaired  by  land  disposal. 

Other  environmental  considerations  which  must  be  taken  into  account  include 
the  aesthetic  impact  of  the  disposal  area  and  its  effect  on  the  adjacent 
wildlife  communities.  These  factors  will  require  special  consideration  and 
possible  mitigation  measures. 

The  ultimate  use  of  a completed  site  may  provide  incentives  to  land  disposal 
because  of  enhancement,  such  as  increased  flood  protection,  recreational  or 
wildlife  habitat  potential,  and  agricultural  or  industrial  use.  Quanti- 
tative evaluation  of  such  factors  is  difficult  without  future  study. 

o Economi c - The  economics  of  land  disposal  are  easily  subjected  to 
rational  analysis.  However,  the  factors  determined  from  such  analyses  are 
only  as  accurate  as  the  information  and  assumptions  used  in  their  formula- 
tion. Changes  in  the  availability  and  costs  of  goods  and  services,  interest 
rates  and  land  values  assumed  in  economic  analyses  performed  in  this  study 
will  significantly  affect  land  disposal  feasibility. 

A summation  of  basic  development  and  operation  costs  (without  markups)  in- 
dicates that  compliance  with  the  Regional  Water  Quality  Control  Board's 
current  dredge  disposal  policy  would  cost  $0.70  per  cubic  yard  of  dredged 
material  for  disposal  at  approved  aquatic  sites,  while  disposal  at  the 
Petaluma  land  disposal  site  would  cost  $0.81  per  cubic  yard  ($0.62  for 
dredging  and  transport,  $0.19  for  site  development  and  operation).  How- 
ever, there  are  many  other  factors  involving  economics  which  will  raise 
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the  land  disposal  cost  an  indeterminate  amount.  An  effort  involving  many 
people  as  well  as  a considerable  capi tal  outlay  wi  1 1 be  required  to  acquire 
and  develop  land  sites.  Development  of  equipment  which  will  allow  low  cost 
operations  will  also  require  significant  capitalization  and  work  effort. 

Land  disposal  economies  result  from  the  use  of  common  facilities  with  inflow 
to  the  system  at  as  uniform  a rate  as  possible.  Dredging  operations  must  be 
sequenced  and  controlled  to  accomplish  this,  which  will  also  require  addit- 
ional funding.  On  the  positive  side,  it  is  quite  conceivable  that  if  cer- 
tain of  the  site  enhancement  techniques  discussed  in  this  report  are  im- 
plemented, there  may  be  an  appreciation  in  land  value  at  the  disposal  sites 
which  will  offset  the  costs  of  development  and  operation.  Environmental 
and  aesthetic  advantages  may  also  accrue  from  site  enhancement. 

e Admi ni strati ve  - Administrative  policies  which  affect  land  use  are 
often  dynamic;  they  reflect  current  trends  and  are  subject  to  frequent  change, 
re-evaluation  and  interpretation.  An  evaluation  of  the  operation  and  future 
use  options  of  potential  land  disposal  sites  in  the  light  of  existing  land 
use  policies  indicates  that  such  use  will  probably  be  compatible. 

1.3  FEASIBILITY 

As  a result  of  the  initial  study  efforts  of  this  and  preceding  reports,  it 
can  be  concluded  that  land  disposal  of  dredged  material  is  conditionally 
feasible.  A closer  estimate  of  the  feasibility  will  only  be  possible  after 
a specific  site  and  a definite  group  of  dredge/transport  systems  are  select- 
ed and  evaluated  in  detail.  The  main  conditions  are  that; 

• Sufficient  capital  will  be  available  to  buy  or  lease  land  disposal 
sites  and  to  construct  the  transport  and  distribution  systems  which  will  al- 
low greatest  economies. 

• Dredging  is  controlled  and  sequenced  by  a central  organization  so 
that  the  greatest  efficiency  in  the  use  of  common  facilities  may  be  realized. 
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CHAPTER  II 


CHAPTER  II 
INTRODUCTION 


2.1  BACKGROUND 

m 


The  economy  of  the  San  Francisco  Bay  area,  much  of  Northern  California, 
and  to  some  extent  the  rest  of  the  nation,  is  closely  tied  to  the  ship- 
ping industry,  which  transports  approximately  60  million  tons  of  raw  and 
manufactured  materials  into  and  out  of  the  Bay  Area.  If  this  traffic  is 
to  continue,  it  is  essential  that  the  harbors,  ports,  anchorages,  and 
Bay  channels  be  maintained  at  a great  enough  depth  to  accommodate  the 
thousands  of  vessels  which  use  them.  In  addition,  access  to  the  numerous 
m military  installations  in  the  Bay  must  be  maintained  by  dredging. 


The  sediments  which  are  deposited  in  the  Bay  are  largely  those  washed 
from  dry  land  upstream,  carried  in  suspension  by  the  rivers  leading  to 
the  Bay  and  precipitated  in  the  saltier  water  of  the  Bay.  The  volumes 
of  sediment  are  not  as  heavy  as  they  were  when  hydraulic  mining  was  pre- 
valent in  the  Sierras,  but  they  are  still  great  enough  to  pose  continuing 
problems.  Maintenance  dredging  in  the  Bay  is  required  to  maintain  some 
200  miles  of  deep  water  channels,  300  miles  of  shallow  water  channels, 

50  major  ports  and  anchorages  and  numerous  smaller  harbors,  marinas 
and  private  docks.  Most  of  the  dredging  is  done  by  the  Corps  of  Engineers 
and  the  Navy  with  the  remainder  being  accomplished  by  ports  and  private  contrac- 
tors. The  average  amount  of  maintenance  dredginq  now  done  by  and  for  the  San 
Francisco  District  of  the  Corps  is  some  7 million  cubic  yards  per  year. 

In  addition,  each  year  the  Corps  is  responsible  for  a substantial  amount 
of  dredging  for  new  channels  and  harbor  deepening. 


' In  recent  years,  concern  has  grown  over  the  impact  of  dredging  and  dis- 

posal operations  on  the  marine  environment.  Much  of  the  concern  over 
the  dredging  process  itself  is  related  to  the  potential  effects  on  ma- 
rine organisms  during  the  excavating  operation;  concern  over  the  process 
of  aquatic  disposal  of  dredged  material  is  related  to  potential  effects 
, on  water  quality  and  aquatic  organisms,  including  such  factors  as  in- 
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creased  turbidity,  covering  bottom-dweli ing  organisms,  changes  in  marine 
life  habitat  and  the  effect  of  pollutants  on  marine  life.  These  concerns 
are  evidenced  by  many  laws,  regulations  and  policies  regarding  dredging. 

2.2  SAN  FRANCISCO  DISTRICT  DREDGE  DISPOSAL  STUDY 

Information  on  the  effects  of  dredging  on  the  marine  environment  is  in- 
complete, and,  since  the  Corps  of  Engineers  has  the  responsibility  for 
a majority  of  the  dredging  done  in  the  San  Francisco  Bay,  the  San  Fran- 
cisco District  of  the  Corps  has  undertaken  a $2.4  million  environmental 
study  of  dredging.  The  study  will  identify  the  significant  environmental 
impacts  associated  with  dredging,  evaluate  dredging  technology  and  study 
measures  to  eliminate  or  mitigate  identified  problems.  The  scope  of 
the  study  includes  investigations  of: 

• The  effect  of  the  present  system  of  aquatic  disposal 
t Alternative  disposal  methods 

• Condition  of  pollutants 

• Dredging  technology 

2.3  LAND  DISPOSAL  STUDY 

This  report  concerns  one  of  the  alternative  disposal  methods,  that  of  land 
disposal.  Objectives  of  this  report  include:  (1)  identification  and  eval- 

uation of  land  sites  potentially  available  for  disposal  of  dredged  material 
and  (2)  development  of  a mathematical  dredging/transport  simulation  model 
which  can  be  used  to  compare  alternatives. 

It  is  nenerally  agreed  that  many  problems  must  be  overcome  before  land 
disposal  can  be  used  on  a larqe  scale.  The  intent  of  this  report  is  to 
present  as  many  of  the  relevant  factors  as  possible  so  that  decisions 
concerning  the  feasibility  of  land  disposal  may  be  made.  The  relevant 
factors  have  been  separated  into  four  categories,  technical  .environmental  , 
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economic,  and  administrative,  which  cover  the  two  areas  of  concern,  dredging 
and  transnortation , and  land  disposal  itself.  Studies  of  the  first  objectives, 
identification  and  evaluation  of  land  disposal  sites,  included  all  four  cate- 
gories of  factors  while  the  emphasis  on  the  second  objective,  dredging  and 
transportation,  was  primarily  economic. 

The  organization  of  the  report  is  briefly  summarized  below: 

• Chapter  III:  dredging  sites  are  described  and  the  quantities  and 

characteristics  of  the  dredged  material  tabulated. 

• Chapter  IV:  equipment  used  in  the  dredging  and  transportation 

operations  is  described.  Equipment  includes  dredges  of  various  types, 
transport  equipment  and  transfer  equipment. 

t Chapter  V:  aquatic  disposal  sites  are  described  and  constraints 

on  their  use  discussed. 

• Chapter  VI : identification  and  evaluation  processes  for  land 

disposal  sites  are  outlined,  the  most  favorable  sites  are  displayed 
and  the  development  and  operation  of  the  sites  is  discussed. 

• Chapter  VII:  the  mathematical  dredging/transport  simulation  model  is 

described,  including  the  development  of  input  data  for  the  model,  the 
operation  of  the  inode  1 itself,  and  the  results  of  the  computer  analysis. 

The  results  are  displayed  in  tabular  and  graphic  form. 
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CHAPTER  III 


DREDGING  SITES 


CHAPTLR  III 
DREDGING  SITES 


3.1  GENERAL 

Twelve  dredging  sites  in  San  Francisco  Bay,  identified  in  the  Scope  of 
Services,  were  studied.  Many  of  these  sites  include  several  individual 
dredging  projects.  For  example,  the  Oakland  dredginq  "site"  encompasses 
both  Oakland  Inner  and  Outer  Harbor  Channels,  the  Port  of  Oakland  berth 
dredging,  Oakland  Naval  Supply  Center  Channel  and  berthinq  areas,  Alameda 
Naval  Air  Station,  and  other  dredqing  projects  in  the  area.  The  locations 
of  the  twelve  dredging  sites  are  shown  on  Plate  1 1 1 - 1 . 

Anticipated  annual  quantities  of  material  to  be  dredged  from  each  of 
the  twelve  sites  during  the  20-year  period  of  this  study  are  shown  in 
Table  1 1 1 -1 . These  quantities  were  developed  from  historical  dredging 
records  and  other  available  information  on  each  dredging  sUe  and  in- 
clude all  significant  Bay  dredging  projects,  public  and  private. 

Dredging  at  some  sites  is  required  on  an  annual  basis  while  it  is  less 
frequent  at  others.  The  frequency  of  dredging,  as  shown  on  Table  1 1 1 -1 , 
is  dependent  on  the  local  shoaling  rate  and  the  demands  of  shipping  on 
the  channel  or  berth  facility. 

Quantities  of  dredged  materials  during  the  1975  -1980  period  are  higher 
than  comparable  later  periods  because  they  include  authorized  or  imminent 
new  work  in  addition  to  normal  maintenance  dredging. 

3.2  DREDGED  MATERIAL  CHARACTERISTICS 

The  majority  of  the  sediments  to  be  dredged  at  the  prescribed  sites  can 


be  described  as  "bay  mud".  Bay  mud  generally  consists  of  soft,  plastic, 
black-to-grey  silty  clay,  clayey  silt,  minor  organic  material  and  clayey 
fine-grained  sand,  resulting  largely  from  flocculation  in  salt  water. 
Clay-sized  particles  include  45  to  90  percent  of  the  material;  this 
fraction  consists  of  about  one-third  montmoril  1 ini te,  one-third  normal 
and  hydrated  mica,  and  one-third  mixed  layered  montmoril 1 initic , chloritic 
and  kaolinitic  materials. 

Although  the  chemical  and  physical  choracteristics  of  bay  mud  are  fairly 
well  documented,  it  was  decided  early  in  the  study  that  further  informa- 
tion on  the  sediments  at  specific  sites  would  be  required  to  assist  in 
determining  landfill  feasibility.  In  particular,  it  was  found  that  there 
was  a paucity  of  information  available  on  sediment  elutriates,  cation 
exchange  properties  of  sediments , and  settling  data.  Accordingly,  a 
sampling  and  testing  program  was  initiated  which  is  described  below. 

Ten  representative  «*  -eas  were  sampled:  San  Francisco,  Redwood  Creek, 

Oakland  Outer  Harbor,  Richmond  Harbor,  San  Rafael  Creek,  Pinole  Shoal, 

Mare  Island,  Suisun  Bay,  Napa  River  and  Petaluma  River.  The  samples 
were  collected  with  a 3-inch  diameter  plexi-glas  lined  coring  tool. 
Determinations  of  wet  unit  weights  were  made  on  the  research  vessel; 
water  contents  were  calculated  later.  Samples  were  delivered  to  labora- 
tories for  determination  of  chemical  and  engineering  properties.  The 
sampling  was  performed  by  the  CSO  Laboratory  of  Concord,  California. 


It  was  found  that  the  apparent  (in  situ)  densities  of  the  samples  varied 
from  1.30  am/cc  (S3. 5 lbs/cf)  to  1.64,gm/cc  (105.4  lbs/cf)  and  the  water 
contents  from  41.3  to  172.0  percent.  As  would  be  expected,  the  samples 
from  the  upper  part  of  the  area  (Suisun  Bay,  Pinole  Shoal,  and  Napa 
River),  were  found  to  be  more  sandy  than  those  from  the  lower  part  of 
the  Bay.  The  field  data  from  the  sampling  program  are  included  in 
Appendix  A . 
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Settlement  tests  were  conducted  to  determine  the  settling  times  of  dredged 
material  when  hydraulically  placed  in  a land  containment  area.  This  infor- 
mation is  vital  to  effluent  water  quality  considerations  in  site  design 
and  operation.  The  settling  tests  were  performed  under  the  direction  of 
Prof.  Ray  Krone  at  the  University  of  California  at  Davis.  The  tests  and 
their  application  are  described  in  Chapter  VI;  test  data  are  included  in 
Appendix  D. 

Prof.  Krone  also  provided  comments  on  the  separation  of  solids  from  trans- 
porting waters  (Section  6.3.6). 

Chemical  testing  was  performed  by  Environmental  Quality  Analysts,  Inc.,  of 
San  Francisco.  Specifications  for  the  chemical  tests  are  as  follows: 

• Bottom  sediment  analyses  - as  specified  by  EPA  for  mercury,  zinc, 
cadmium,  lead,  and  oil  and  grease. 

• Elutriate  analyses  - as  specified  by  the  tentative  method  prepared 
by  EPA  Region  IX,  using  separately  for  each  sample: 

a.  seawater 

b.  San  Francisco  tap  water 

In  addition  to  the  analyses  indicated  above,  the  filtered  elutriate  was 
analyzed  for  dissolved  mercury,  cadmium,  lead,  zinc,  and  BOD. 

• Cation  exchange  tests  - These  tests  involve  displacing  exchangeable 
metals  with  ammonium  ion,  following  the  method  of  Chapman,  followed 

by  atomic  absorption  spectrophotometric  determination  of  the  displaced 
cations  sodium,  potassium,  calcium,  magnesium,  cadmium,  mercury,  zinc 
and  lead. 

The  results  of  the  chemical  testing  are  tabulated  in  Appendix  B.  They  were 
used  by  Professors  Krone  and  Delwiche  in  their  analyses  (Section  6.3  and  6.4). 

Engineering  tests  were  performed  by  the  Harding  Lawson  Associates  Laboratory 
in  San  Rafael.  The  tests  included: 

• Atterberg  Limits 
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• Moisture  content/dry  density 

• Unconfined  compression 

• Particle  size  analyses 

• Consolidation 

• Compaction 

The  results  of  the  testing  are  given  in  Appendix  C. 

The  Harding-Lawson  Associates  also  provided  advice  on  site  preparation 
and  slurry  processing  (Chapter  VI). 

Additional  material  characteristics  as  they  relate  to  site  operation  are 
discussed  in  Chapter  VI. 

3.3  DREDGING  SITE  CHARACTERISTICS 

Characteristics  peculiar  to  each  site  which  affect  dredging  operations 
include  shoaling  patterns  as  well  as  rates  and  restrictions  such  as 
high  vessel  traffic  or  narrow  channels.  These  characteristics  influence 
the  productive  rates  of  dredges  and  the  choice  of  dredge  size  and 
type. 

Site  characteristics  were  studied  using  sounding  sheets  and  local  maps. 
Characteristics  for  each  site  were  generalized  as  follows: 


Site 

Shoal ing 
Depth 

Coveraqe 

Work  Area 

Avq  Face 

Suisun  Bay 

Uniform 

Spotty 

Open 

3 

Ft 

Mare  Island 

Wedge 

II 

II 

5 

Ft 

Napa  River 

Uniform 

ll 

Narrow 

3 

Ft 

Petaluma  River 

Wedge 

Smooth 

ti 

2'i 

Ft 

Pinole  Shoal 

Uniform 

Spotty 

Open 

4 

Ft 

Richmond  L .W. 

Uniform 

Smooth 

II 

3 

Ft 

San  Rafael  Cr. 

Uniform 

II 

Narrow 

3'j 

Ft 
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Site 

Shoaling 

Depth 

Coverage 

Work  Area 

Avg  Face  Depth 

W.  Richmond  Ch. 

Wedge 

Smooth 

Open 

3 

Ft 

Richmond  Hbr 

Uniform 

II 

II 

3 

Ft 

Oakland 

Wedge 

Spotty 

II 

3 

Ft 

San  Francisco 

Wedge 

Smooth 

Narrow 

3 

Ft 

Redwood  City 

Wedge 

II 

Open 

3 

Ft 

These  characteristics  were  used  in  determining  dredge  productivity  which 
is  discussed  in  Chapter  IV. 
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4.1  GENERAL 

Equipment  required  to  remove  and  transport  dredqed  material  from  dredginu 
to  disposal  sites  is  discussed  in  this  chapter.  The  tyoe  of  equipment 
selected  affects  the  characteristics  of  dredged  material  delivered  to  a 
disposal  site  and  the  duration,  cost,  and  feasibility  of  a dredoinq 
project.  Conversely,  dredging  and  disposal  site  characteristics  affect 
equipment  selection. 

In  the  study,  innovative  new  concepts  in  equipment  were  introduced  in 
addition  to  conventional  equipment  for  comparison  purposes.  These  new 
concepts,  primarily  derived  from  materials  handling  technology  in  other 
fields,  have  never  been  tried  in  practice  but  appear  promising  if  devel- 
oped and  employed. 

It  is  important  to  understand  the  relationships  between  and  restrictions 
on  equipment  types.  Equipment  used  to  dredge  material  from  a channel 
bottom  and  transport  it  to  a disposal  site  essentially  comprises  a ma- 
terials handling  system  that  may  consist  of  a single  piece  or  several 
pieces  of  equipment.  If  the  system  involves  several  pieces,  each  must 
be  compatible  with  the  others. 

Equipment  compatibility  within  a system  renders  the  evaluation  and  com- 
parison of  system  elements  meaningless.  For  instance,  a realistic  com- 
parison of  transportation  elements  alone  cannot  be  made  without  examining 
the  operating  characteristics  of  the  particular  dredges  which  would  com- 
plete each  system.  A hopper  dredge  can  both  dredge  and  transDort  mate- 
rial itself;  since  the  dredging  operation  can  affect  the  characteristics 
of  the  material,  the  unit  transportation  cost  is  dependent  on  the  dredoe. 
Similarly,  tug  and  barge  transportation  cycle  times  and  pipeline  charac- 
teristics are  dependent  on  the  sizes  and  production  rates  of  dredges  with 
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which  they  are  used.  For  this  reason,  various  compatible  dredue  and 
transportation  systems  were  included  for  economic  analysis  in  the  dredue 
simulation  model  discussed  in  Chapter  VII. 

Equipment  is  grouped  into  functional  categories  including  dredging,  trans- 
portation and  transfer  elements.  Transfer  equipment  may  be  used  to  change 
a transport  mode  or  to  transfer  dredged  material  from  a dredge  to  a trans- 
port mode. 

4.2  DREDGING  EQUIPMENT 

4.2.1  General  - Dredges  remove  material  from  the  bottoms  of  water  bodies 
either  by  mechanical  or  hydraulic  action  or  by  a combination  of  the  two. 

Many  various  forms  of  dredges  are  in  use  today:  clamshell,  trailing  arm 

or  hopper,  suction  head  hydraulic,  cutterhead  hydraulic,  bucket  line,  and 
dipper.  The  clamshell,  hopper  and  suction  head  hydraulic  were  selected 
for  inclusion  in  this  study  as  the  most  efficient  for  the  San  Francisco 
Bay  area  while  the  others  were  rejected  for  reasons  stated  in  Section  4.2.5. 

The  rate  at  which  a dredge  excavates  material  is  dependent  upon  site, 
equipment  and  operating  conditions.  Site  conditions  include  material 
characteristics,  depth  of  face,  spacing  of  dredging  areas,  shape  of 
dredging  areas,  and  channel  restrictions.  Equipment  conditions  include 
such  things  as  size,  type,  condition,  horsepower,  moving  speed,  bucket 
shape,  draghead  shape,  heaping  characteristics  and  bucket  or  ladder 
moving  speed.  Operating  conditions  include  operator  efficiency  (speed, 
overlap,  etc.),  wind,  waves  and  weather.  Almost  all  dredges  are  built 
to  operate  under  specific  conditions.  The  productivity  of  a dredge  is 
difficult  to  predict  and  may  vary  widely  depending  on  the  above-listed 
condi tions . 

Since  production  rates  define  unit  costs,  many  assumptions  were  made 
regarding  the  above  variables  in  an  attempt  to  estimate  production  rates 
as  relatively  as  possible.  It  was  always  assumed  that  reasonably  effi- 
cient operators  would  be  available  and  that  material  characteristics 
? (refer  to  Chapter  III)  were  always  the  same.  In  the  case  of  clamshell 
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and  hydraulic  dredges,  equipment  characterist  ics  similar  to  ti  - of  ^till- 
able local  dredges  were  assumed  while  more  efficient  characteristic;  wre 
assigned  to  dredges  designated  as  more  tailored  to  San  Francisco  hay  condi 
tions.  This  resulted  in  a feasible  range  of  productivities  for  these  two 
types  of  dredges.  It  may  be,  however,  that  dredging  technology  will  produce 
dredges  capable  of  far  exceeding  the  ranges  of  productivities  used  in  this 
study.  No  such  range  is  given  for  the  hopper  dredge  used  in  this  study 
because  it  is  one  of  the  most  efficient  of  all  dredges. 

Production  rates  developed  for  hydraulic  and  clamshell  dredges  are  assumed 
to  apply  only  to  optimum  operating  conditions.  A study  of  the  shoaling 
patterns  of  each  site  was  made  to  determine  reduction  factors  applicable 
to  each  dredge  type.  Because  each  machine  is  capable  of  covering  a par- 
ticular area  each  day,  a certain  depth  or  cut  is  required  if  the  dredge 
is  to  accomplish  its  maximum  production;  the  ratio  of  the  actual  average 
depth  to  the  optimum  depth  is  a reduction  factor  which  must  be  applied  to 
the  maximum  rate.  Additional  reduction  factors  arbitrarily  applied  inclu- 
ded: wedge-shaped  shoaling;  minus  10%;  spotty  or  separated  shoaling;  minus 

15%;  and  narrow  or  restricted  work  areas;  minus  5 (for  hydraulic  dredges 
only) . 

Production  rates  for  a representative  hopper  dredge,  the  CHESTER  HARDING, 
were  taken  directly  from  the  HARDING'S  dredging  records. 

Estimated  production  rates  for  the  three  types  of  dredges  are  tabulated 
in  Table  IV— 1 . Two  production  rates  are  shown  for  clamshell  and  hydraulic 
dredges  to  reflect  the  productivity  range  described  above.  Production 
rates  of  hopper  dredges  are  not  directly  comparable  with  those  of  otner 
dredges  since  hopper  dredges  are  used  for  transportino  as  well  as  dredg- 
ing. For  comparison  purposes,  in  this  table  an  assumed  travel  time  of  one 
hour  was  added  to  the  bottom  dump  hopper  dredge  cycle  (load,  turn,  unload) 
time  to  establish  a daily  production  rate;  the  cycle  for  the  direct  pump- 
out hopper  dredge  was  assumed  to  consist  of  loading  and  pumpout  only.  In 
the  cost  comparison  computer  model,  of  course,  dredging  and  transportation 
times  are  computed  for  each  individual  case. 
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The  costs  associated  with  purchase  and  operation  of  dredges  vary  accord- 
ing to  individual  dredge  designs.  Average  costs  for  each  type  of  dredge 
were  developed,  based  on  numerous  sources  of  information.  In  each  case, 
the  hourly  costs  shown  include  the  capitalized  initial  cost  (based  on  a 
20-year  life  at  6-7/8°  interest),  insurance,  operatinq  cost,  maintenance 
cost  and  direct  labor.  All  costs  are  based  on  5000  hours  annual  use 
and  include  no  overhead,  administrative  costs  or  profit. 


4.2.2  Hopper  Dredges  - The  hopper  dredge  is  a self-propelled  ocean  goinq 
vessel  which  removes  material  from  the  bottom  of  the  bay  or  ocean  by 
scraping  and  sucking  through  pipes  known  as  drag  pipes,  which  are  trailed 
on  the  sides  of  the  vessel.  The  material  being  dredged  enters  the  drag 
pipes  through  drag  heads,  which  are  vacuum  cleaner-like  attachments  at 
the  ends  of  the  drag  pipes.  The  dredged  material  is  pumped  into  bins  or 
hoppers  in  the  vessel,  from  which  it  can  be  discharged  either  by  bottom 
dumping  or  by  direct  pumpout. 

Hopper  dredges  in  the  United  States  are  owned  and  operated  by  both  private 
contractors  and  government  agencies.  A large  fleet  is  owned  by  the  Corps 
of  Engineers  for  use  in  meeting  their  dredging  commitments  throughout  the 
country.  For  purposes  of  this  study  the  dredge  CHESTER  HARDING,  owned  and 
operated  by  the  Portland  District  of  the  Corps  of  Engineers,  was  chosen 
for  analysis.  The  HARDING  spends  a large  percentage  of  its  operating 
time  in  the  San  Francisco  Bay  area  and  it  appears  to  be  one  of  the  more 
efficient  of  the  large  capacity  hopper  dredges  owned  by  the  Corps.  Also, 
long  term  records  are  available  on  the  HARDING'S  performance  in  the  Bay. 

The  HARDING,  built  in  1939,  is  308  feet  long,  56  feet  wide,  and  has  a 
maximum  draft  of  twenty  feet  eight  inches.  The  hoppers  (total  capacity 
2682  cubic  yards)  are  filled  by  pumpinq  throuqh  two  22-inch  diameter  draq 
pipes  - one  on  each  side  of  the  ship  - each  utilizing  a 1000  horsepower 
Dump . 


I*** 
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The  operating  characteristics  of  the  HARDING  were  determined  by  r . , . l y ■ i 
of  dredging  records  (Report  of  Operations  - Hopper  Dredges,  compiled  i.  th<- 
North  Atlantic  Division  of  the  Corps  of  Engineers)  dating  bad  tc  1 9 1 j . 

These  records  showed  that  the  overall  average  pumping  time  of  the  HARDING 
is  28  minutes,  the  average  dumping  time  5 minutes,  and  the  average  travel 
speed  of  the  dredge  nine  + miles  per  hour.  The  records  showed  that  the 
HARDING  averaged  (weighted  in  proportion  to  dredged  volume  at  dredging  • ites) 
2200  cubic  yards  of  dredged  material  in  its  hoppers  per  trip,  but  that  tf. 
actual  volume  excavated  from  the  bank  averaged  (also  weighted)  1970  cubic 
yards.  Bank  yardage  is  not  usually  calculated  by  the  Corps  from  before  and 
after  surveys,  but  is  based  upon  readings  of  a yardage  meter  which  is  cali- 
brated to  reflect  the  density  of  the  dredged  material  in  the  shoal.  :‘:ic 

density  is  periodically  checked  by  sampling  of  the  shoal.  The  total  exca- 
vated bank  yardage  used  in  our  analysis  was  the  sum  of  the  credited  (in- 
place)  volume  based  upon  the  yardage  meter  readings  plus  the  estimates  nf 
the  excess  (over  - dredging)  and  the  natural  shoaling  or  sloughed  material. 
These  figures  show  that  the  ratio  of  hauled  yardage  to  bank  (shoal)  yardage 
is  about  1.12,  or  a bulking  factor  of  12  percent.  Other  authorities  esti- 
mate the  bulking  to  be  20  percent  or  much  greater.  Bulking  is  a functioi 
of  the  consolidation  in  the  hopper  and  the  amount  of  material  allowed  to 
overflow  the  hoppers.  The  effect  of  overflowing  is  the  subject  of  con- 
siderable controversy  and  has  a great  bearing  on  the  efficiency  af  the 
hopper  dredge  operation. 

The  San  Francisco  District  is  presently  conducting  a study  to  more  acci  > ,t0- 
ly  determine  the  actual  volume  of  shoal  material  excavated  by  the  HARDING. 

For  the  purposes  of  this  study,  it  was  assumed  that  for  each  dredging  site, 
the  bank  volume  dredged  by  the  HARDING  was  the  average  noted  in  the  dredging 
records,  i.e.,  the  total  of  credited  yardage,  excess  yardage,  and  natural 
shoaling. 

As  noted  above,  hopper  dredges  can  be  emptied  either  by  bottom  dumping  or 
by  a direct  pumpout  to  a pipeline  or  into  a scow.  Hopper  dredges  with  direct 
pumpout  capability  have  been  used  for  many  years  in  the  Philadelphia  District 
of  the  Corps  of  Engineers  (Ref.  55*)  and  elsewhere. 


See  Appendix  F - Bibliography 
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Several  more  of  the  Corps'  hopper  dredges  are  programmed  for  conversion  to 
direct  pumpout.  The  Plant  Replacement  and  Improvement  referred  to  in  Ref.  7 
shows  the  HARDING  scheduled  for  this  modification  in  1971-74  at  a total  cost 
of  $2,000,000.  Although  this  modification  has  not  taken  place,  the  $2,000,000 
figure  was  used  in  calculating  the  capital  cost  of  a hopper  dredge  with  pump- 
out capability  for  use  in  the  computer  model  (Chapter  VII). 

Operating  costs  for  the  HARDING  were  determined  from  the  Consol i dated 
Statement  of  Operations  (most  recent  edition  available  - Fiscal  Year 
1971)  published  by  the  North  Atlantic  Division  of  the  Corps  of  Engineers. 

Tc  make  a valid  comparison  between  the  operating  costs  of  the  HARDING 
and  those  of  other  types  of  dredges,  only  the  "Total  Field  Expense"  was 
used  - that  is,  the  costs  for  payrolls,  subsistence,  fuel,  plant  rental, 
insurance,  attendant  plant,  and  miscellaneous  costs.  Not  included  were 
costs  of  survey,  inspection  and  supervision,  overhead  and  other  Indirect 
costs. 


Hopper  dredge  costs  were  escalated  from  those  shown  on  the  FY  1971 
Statement  of  Operations  to  present  day  (1974)  costs  rather  than  to  the 
1975  base  specified  in  the  Scope  of  Services  because  of  uncertainties 
in  attempting  to  forecast  the  1975  costs  of  fuel  and  other  energy-rela- 
ted items.  The  same  rationale  was  used  for  all  other  costs  in  the  study. 

It  is  felt  that  a valid  comparison  of  costs  can  be  made  by  using  1974 
costs;  also,  the  cost  comparison  computer  program  can  accept  cost  revi- 
sions at  a later  date. 

Capital  and  operating  costs  for  the  HARDING  were  calculated  as  follows: 

Information  received  from  the  Portland  District  of  the  Corps  of  Engineers* 
indicated  that  the  book  value  of  the  HARDING  on  30  June  1973  was  $2,003,051.29 
and  that  the  estimated  remaining  life  was  13  years.  The  annual  costs  for  re- 
pairs and  replacement  were  $525,036.00  in  FY  1972  and  $702,979  in  FY  1973.  Amor- 
tizing the  book  value  over  13  years  at  6 7/87  (the  San  Francisco  District 
requested  that  this  interest  figure  be  used  in  economic  calculations  rather 


Letter  from  Chief,  Plant  Branch,  Portland  District,  .January  14,  1974. 
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than  the  5 1/2%  figure  specified  in  the  Scope  of  Services),  the  annual 
cost  was  found  to  be  $237,970.  Adding  to  this  the  average  of  1972  and 
1973  repair  and  replacement  costs  of  $614,007,  the  total  becomes  $851,977. 
Escalating  this  to  the  third  quarter  of  FY  1974  by  a 5 increases,  the 
annual  cost  becomes  $894,576.  This  compares  closely  with  a figure  of 
$935,642  derived  by  escalating  the  "Plant  Rental"  figure  of  $742,043 
(46.57%  of  $1,593,393)  shown  on  the  FY  1971  Consol i dated  Statement  of 
Operations  to  1974  prices.  Operating  costs  were  calculated  by  esca- 
lating the  figures  for  payroll,  fuel,  insurance,  and  miscellaneous  costs 
shown  in  the  same  document  to  1974  prices.  These  figures  for  1974  are: 


• Payroll 

• Fuel 

• Insurance 

• Miscellaneous 
Total 


$ 878,422 
116,930 
4,822 
73,333 
$1  ,073,507 


The  additional  capital  cost  of  the  hopper  dredqe  with  direct  pumpout 
was  calculated  by  amortizing  the  $2,000,000  investment  of  Dumpout  modi- 
fication over  20  yearsat  6 7/8%  to  arrive  at  a figure  of  $186,955.  Even 
though  the  HARDING  is  estimated  to  have  only  a 13  year  life  remaining, 
this  assumption  was  assumed  to  be  reasonable  for  hypothetical  purposes. 


% 
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The  actual  operating  time  of  a hopper  dredge  or  any  other  piece  of  dredg- 
ing machinery  is  a variable,  depending  on  weather,  breakdowns,  availabili- 
ty of  work,  etc.  For  purposes  of  this  study,  it  was  assumed  that  all  dredges 
would  be  used  5000  hours  per  year.  If  the  quantity  of  dredging  per  year 
exceeds  the  amount  that  a given  dredge  could  accomplish  in  a 5000  hour  pe- 
riod,it  was  assumed  that  another  piece  of  similar  equipment  would  be  avail- 
able. 

Spreading  the  capital  and  operating  costs  of  the  hopper  dredqe  over 
5000  hours,  the  following  hourly  costs  were  found: 


Capital  Cost: 
(Plant  Rental ) 
Operating  Cost 


$ 935,642  r 5000 
1 ,073,507  5000 

Total 
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= $187.13 
= 214.70 
$401.83  per  hour 
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For  the  hopper  dredge  with  pumpout  capability,  the  figures  became: 


Capital  Cost: 
Operating  Cost: 


($  935,642  + 186,955)  * 5000  = 224.19 
1 ,073,507  f 5000  = 214.70 

Total  $438.89  per  hour 


4.2.3  Clamshell  Dredges  - This  type  of  dredge  consists  essentially  of  a 
barge-mounted  crane  with  a clamshell  type  bucket.  The  clamshell  mechani- 
cally cuts  into  the  bottom  material, removes  it, and  drops  it  either  onto 
land  or  into  a scow  for  transport.  For  purposes  of  this  study,  3 sizes  of 
clamshell  dredges  were  analyzed  to  cover  a representative  range:  9,  13 

and  18  cubic  yard  bucket  sizes. 

Clamshell  dredges  generally  cause  less  disturbance  and  bulking  to  dredged 
materials  than  other  dredging  methods;  materials  can  be  transported  in  a 
more  "compact"  form. 

Production  rates  of  clamshell  dredges  were  estimated  for  two  conditions: 
First,  rates  for  average  equipment,  under  good  conditions  and  second,  for 
a comparison,  rates  of  equipment  which  could  conceivably  become  available, 
tailored  to  San  Francisco  Bay  dredging  conditions.  These  are  tabulated 
below: 


Maximum  Production  Per  3 Shift  Day 
(Cubic  Yards  Per  Day) 


Si  ze 

Average  Machine 

S.F.  Bay  Machine 

9 cy 

6,500 

7,800 

13  cy 

9,400 

11,200 

18  cy 

13,000 

15,600 
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HYDRAULIC  DREDGE  - WESTERN  PACIFIC  DREDGING  CORP. 


Initial  costs  and  hourly  rates  used  in  the  simulation  model  (Chapter  VII 
were  as  follows: 


Si  ze 

Initial  Cost 

Hourly  Rate 

9 

cy 

- Avg 

$2,045,000 

$170.15 

9 

cy 

- SF  Bay 

2,454,000 

179.02 

13 

cy 

- Avg 

2,873,000 

194.72 

13 

cy 

- SF  Bay 

3,448,000 

207.19 

18 

cy 

- Avq 

3,773,000 

220.12 

18 

cy 

- SF  Bay 

4,528,000 

236.66 

4.2.4  Hydraulic  Suction  Dredges  - This  type  of  dredge  removes  bottom  se- 
diments by  sucking  them  up  and  pumping  them  through  a pipeline.  Hy- 
draulic dredge  sizes  are  indicated  by  the  diameter  of  the  discharge  line. 
Although  a great  many  sizes  are  available,  four  were  selected  for  inclu- 
sion in  this  study  because  it  was  felt  they  would  represent  a good  range 
for  this  type  of  dredge:  16-inch,  24-inch,  30-inch,  and  36-inch. 

Size  alone  is  a poor  but  relative  indicator  of  the  productivity  of  a 
hydraulic  dredge.  The  speed  with  which  the  dredge  moves,  its  pumping 
capabi 1 i ty ,dredqed  material  characteristics,and  length  of  discharge  line 
can  cause  significant  variations  in  production.  In  this  study,  production 
rates  for  average  equipment  and  also  for  equipment  more  tailored  to  San 
Francisco  Bay  conditions  have  been  estimated  to  provide  a representative 
range. 

• 

In  removing  material,  a hydraulic  dredge  vacuums  up  material  along  with 
water  to  form  a slurry  mixture.  This  removal  process  yields  a product 
quite  different  from  the  in-place  material  or  that  removed  by  a clamshell 
dredge  because  of  an  increase  in  water  content.  This  may  be  an  advantage 
or  a disadvantage  depending  on  disposal  requirements. 
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The  larger  sizes  of  dredges,  36-inch  and  above,  are  scarce.  One  36- i rich 
dredge,  the  Hydrooacific,  is  a good  example  of  a very  powerful  specially  - 
designed  dredge.  Electrically  powered,  it  is  now  cutting  throuah  coral 
in  the  Hawaiian  Islands  at  the  high  rate  of  approximately  60,000  cubic 
yards  per  day.  Another  noteworthy  hydraulic  dredge  is  the  42"  Triton, 
working  in  South  America.  Dredging  at  100  ft.  depths  in  8 ft.  swells,  this 
dredge  is  producing  over  100,000  cubic  yards  per  day. 

Estimated  local  production  rates  for  hydraulic  dredges  used  in  the  simula- 
tion model  are  as  follows: 

Maximum  Production  Per  3-Shift  Day 
(Cubic  Yards  per  Day) 


Machi ne 

Average  Machine 

S.  F.  Bay  Machine 

16-inch 

10,000 

12,500 

24-inch 

20,000 

25,000 

30-inch 

30,000 

37,000 

36-inch 

40 ,000 

50,000 

Average  costs  of  hydraulic  dredoes  used  in  the  simulation  model  are  as 
fol lows : 


Machine 

Initial 

Hourly 

16-inch  Avg. 

O 

o 

o 

$ 157.33 

16-inch  SF  Bay 

1 ,333,000 

162.70 

24-inch  Avg. 

3,000,000 

276.44 

24- inch  SF  Bay 

3,600,000 

289.45 

30-inch  Avg. 

4,386,000 

351 .46 

30-inch  SF  Bay 

5,263,000 

370.48 

36- inch  Avg. 

4,886,000 

383.94 

36- inch  SF  Bay 

5,863,000 

405.13 
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4.2.5  Other  Types  of  Dredges: 

• Dipper  Dredge  - Used  primarily  for  submerged  rock  excavation, 
this  dredge  is  basically  a power  shovel  on  a barge.  It 
works  relatively  slowly  and  is  not  believed  to  be  competitive 
for  San  Francisco  Bay  work. 

• Dragline  Dredge  - Also  basically  a piece  of  construction 
equipment,  mounted  on  a barge.  It  has  been  found  to  be  less 
productive  than  the  clamshell  dredge  in  San  Francisco  Bay. 

• Bucket  Line  Dredge  - This  dredge  digs  using  a conveyor  belt 
fitted  with  many  small  buckets.  Bucket  line  dredges  are 
expensive  to  operate  and  require  relatively  calm  water  in 
which  to  work.  Also,  this  type  of  dredge  requires  many 
mooring  lines.  This  dredge  was  eliminated  from  the  study 
because  it  would  encounter  adverse  operating  conditions 

in  the  Bay. 

• Cutterhead  Hydraulic  Dredge  - This  type  of  dredge  is  very 
similar  to  the  hydraulic  suction  type  except  that  it  is  fitted 
with  a rotating  cutterhead  at  the  intake  or  the  suction  pipe. 

It  is  believed  that  the  cutterhead  is  not  required  to  accom- 
plish normal  maintenance  dredginq  in  the  Bay. 

• Sidecastinq  Hopper  Dredge  - This  variation  of  the  hopper  dredge  is 
fitted  with  a long  pipe  protruding  from  the  side  of  the  dredge 
which  discharges  material  as  the  dredge  works.  Given  the  char- 
acteristics of  Bay  sediments  and  the  policies  regarding  dredg- 
ing, this  dredge  is  probably  infeasible  for  Bay  work. 


4.3  TRANSPORTATION  EQUIPMENT 
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4.3.1  General  - Three  basic  modes  for  the  transport  of  dredged  material 

were  considered  in  this  study:  the  hopper  dredge,  tug  and  scow,  and 

pipelines.  Although  any  of  these  can  constitute  an  entire  transport 
system,  many  possible  combinations  exist;  the  feasible  combinations  are 
detailed  in  Chapter  VII. 

4.3.2  Hopper  Dredge  - After  loading  itself,  the  hopper  dredge  retracts  j 

its  trailing  arm  dredging  pipes  and  carries  its  load  to  its  destination. 

As  a transport  element,  a hopper  dredge  was  assumed  in  this  study  to  move 
at  the  rate  of  5 mph  in  restricted  channels  and  at  10  mph  in  open  water. 

The  latter  figure  is  the  average  of  loaded  and  unloaded  speeds.  The  5 mph 
maximum  must  be  observed  while  working  in  the  channels  of  Mare  Island, 

Oakland,  Richmond  and  Redwood  City. 

Assuming  that  the  costs  of  the  hopper  dredqe  are  relatively  constant 
whether  digging  or  transporting,  the  same  hourly  rate  was  used  for  both 
operations . 

Although  the  hopper  dredqe  is  an  efficient  digginq  machine,  it  is  an  ex- 
pensive transport  mode  because  of  its  hiqh  operatino  cost,  due  primarily 
to  its  larqe  crew  (60  men  +). 

4.3.3  Tugs  and  Scows  - Tugs  and  scows  are  evaluated  in  this  study  for 

transport  of  dredged  material  from  either  clamshell  dredges  or  direct 
pumpout  hopper  dredges  to  disposal  sites  or  transfer  stations.  Two 
types  of  scow  were  considered:  bottom  duinpinq  and  non-bottom  dumpina. 

Five  sizes  of  tuqs  (1000,  2000,  3000,  4000,  5000  horsepower)  and  six 
sizes  of  scows  (1000,  2000,  3000,  4000,  5000  and  6000  cubic  yard)  were 
studied  to  give  a representative  equipment  spread. 


Performance  of  tugs  and  scows  is  dependent  on  a number  of  variables,  some 
of  which  can  be  anticipated  and  others  which  are  random.  It  was  assumed 
in  preparing  input  to  the  model  that  highly  efficient  tugs  and  scows  would 
be  used.  Because  of  the  complexities  involved,  no  attempt  was  made  to 
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program  effects  of  winds,  waves  and  tides,  which  many  have  a considerable 
effect  on  tuq/scow  speeds  and  costs.  Allowable  combinations  of  tuqs  and 
scows  were  based  on  speed,  distance  and  handling  considerations,  and,  for 
maximum  efficiency,  only  one  scow  was  assumed  to  be  handled  by  by  a tug. 
Tuq-scow  speeds  were  averages  developed  using  dynamic  resistance  factors 
based  on  form  and  shape  characteristics  for  efficient  tug-scow  combinations. 


Available  scow  capacity  at  least  equal  to  the  dredging  rate  must  be 
maintained  by  proper  cycling  of  scows  with  tugs.  The  following  equations 
define  the  relationships  involved: 


1 . Scow  Loadi nq  Time 


Scow  capacity  ; T _ SC 

Dredging  Rate  DR 


2.  Scow  Cycle  Time 
SCT  = yj-  + 0.5 


Haul  Distance  (Round  Trip)  x n K 
Tug  Speed  ~ 


The  0.5  hr.  factor  is  the  time  required  to  hitch  and  unhitch  a 


scow  from  a tug. 


3.  $CJ  - n (SLT)  where  n is  an  integer.  This  must  be  true  to 
keep  the  disposal  rate  at  least  equal  to  the  dredging  rate.  Also,  if 
SCT  is  less  than  n (SLT),  there  will  be  idle  tugs  and  scows. 


The  number  of  scows,  S = n + 1 
The  maximum  number  of  tugs,  T = n 


In  the  event  more  than  one  dredge  is  working  on  a project,  T may  be  less 
than  n if  enough  idle  time  exists  for  the  tug  to  handle  scows  from  each 
dredge. 

A subroutine  is  included  in  the  simulation  model  to  select  the  most 
efficient  tug-scow  combinations  for  any  given  project  operation. 
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Hourly  costs  for  tugs  and  scows  were  developed  in  a manner  similar  to 
those  for  dredges  except  that  tugs,  because  of  their  versatility,  were 
assumed  to  work  5500  hours  per  year  in  lieu  of  the  5000  hours  assumed 
for  other  equipment.  Costs  used  in  the  dredge  simulation  model  included 
the  following: 


COST 


Equipment 

Initial 

Hourly 

1000  hp  Tug 

$ 725,000 

$ 85.17 

2000 

950,000 

99.92 

3000 

1 ,300,000 

117.77 

4000 

2,520,000 

155.76 

5000 

3,640,000 

191.35 

1000  c.y.  scow  (bottom  dump) 

452,000 

29.35 

2000 

680,000 

35.90 

3000 

910,000 

42.26 

4000 

1 ,030,000 

45.80 

5000 

1 ,305,000 

53.32 

6000 

1 ,480,000 

58.26 

1000  c.y.  scow  (not  bottom  dump) 

346,000 

8.51 

2000 

521 ,000 

12.50 

3000 

697,000 

16.52 

4000 

790,000 

18.74 

5000 

1 ,000,000 

23.50 

6000 

1 ,134,000 

26.60 

4.3.4  Pipelines  - Transport  of  dredged  material  by  pipeline  is  common- 
place in  the  dredging  industry.  Hydraulic  dredges  pump  as  far  as  two 
or  three  miles  with  dredge  pumps  alone  and  farther  with  remote  booster 
uni ts . 


I 

* 
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HYDRAULIC  DREDGE  AND  FLOATING  PIPELINE  - MORRISON-KNUDSEN  CO., INC 


Use  of  pipelines  for  long  distance  transport  of  solids  in  slurrv  form 
has  received  increasing  attention  in  recent  years  in  the  mining,  construc- 
tion, and  other  industries.  Ref.  10  cites  examples  of  transport  of  coal 
slurry  108  miles,  gilsonite  72  miles,  and  many  others.  Ref. 52  reports 
information  on  the  transport  of  coal  slurry  273  miles  throunh  an  18-inch 
pipe  with  4 booster  stations,  and  transportation  of  waste  tailings  44  miles 
with  one  pump  station.  The  Philadelphia  District  of  the  Corps  of  Engineers 
(Ref.  55  ) detailed  a proposed  system  of  transporting  dredging  material 

25  to  50  miles  using  pumping  stations  spaced  at  12,500-foot  intervals. 

In  this  study  two  basic  pipeline  types  were  considered:  temporary  and 

fixed.  A temporary  pipeline  is  defined  as  one  used  only  for  the  duration 
of  a dredging  project  and  then  removed,  whereas  a fixed  pipeline  is  a 
permanent  installation,  in  place  for  at  least  twenty  years.  It  this  study, 
temporary  pipelines  lead  to  disposal  sites  or  to  the  water  side  terminus 
of  a fixed  pipeline  system.  Generally,  it  was  assumed  that  temporary  pipe- 
lines leading  from  hydraulic  dredges  would  be  limited  to  three  titles  in 
length.  These  lines  could  either  be  floating  lines  or  underwater  lines. 

For  temporary  lines  leading  from  a booster  station,  two  sizes  were 
used:  22-inch  and  28-inch,  and,  since  they  were  usually  longer  than  the 

type  described  above,  they  were  assumed  to  be  laid  underwater  to  reduce 
the  hazard  to  navigation.  Fixed  pipelines  were  planned  from  a terminus  in 
San  Pablo  Bay  to  the  land  disposal  sites  at  Petaluma  River  and  Sherman 
Island,  and  as  an  al ternati ve,  from  the  San  Pablo  Bay  transfer  point  to  the 
100-fathom  line  outside  the  Golden  Gate.  Plate  I V- T delineates  the  tenta- 
tive pipeline  layouts.  The  fixed  pipelines  were  standardized  at  28-inch 
diameter  and  were  all  assumed  to  be  underwater  lines.  Pumping  arrange- 
ments for  the  various  pipeline  layouts  are  described  in  Section  4.4. 

Pipeline  lengths  for  lines  to  the  land  disposal  sites  were  calculated  from 
the  intake  of  the  pipeline  to  the  end  of  an  assumed  distribution  system  at 
the  disposal  site.  Pipelines  to  water  disposal  sites  were  assumed  to  ter- 
minate in  a diffuser  on  the  bay  or  ocean  floor  at  the  site.  It  is  recog- 
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nized  that  little  precedent  exists  for  such  an  installation;  however, 
diffusers  have  been  used  successfully  for  the  underwater  discharge  of 
sewage  and  other  pipeline  transported  materials.  The  Bechtel  Report 
(Ref.  11  ) for  example,  discusses  disposal  of  sewage  sludge  in  suspension 
by  the  use  of  underwater  diffusers.  Several  technical  problems  are 
associated  with  diffusers.  For  example,  a slurry  of  the  consistency 
desired  for  maximum  efficiency  in  pumping  might  be  too  thick  to  diffuse 
easily.  Also,  provision  would  have  to  be  made  for  maintenance  of  the 
nozzles  to  prevent  plugging.  However,  it  is  felt  that  the  technical  prob- 
lems of  such  an  installation  are  not  insurmountable,  and  the  idea  of  dis- 
charge in  a deep  underwater  confined  area  or  in  an  area  of  strong  dis- 
persing currents  has  enough  merit  to  warrant  its  inclusion  as  a potential 
alternative. 

Costs  of  pipeline  materials  were  obtained  from  local  dealers.  Installation 
costs  were  determined  from  discussion  with  local  contractors  and  by  draw- 
ing on  the  experience  of  IECO's  parent  company,  Morrison-Knudsen  ComDany,  Inc. 
The  estimated  costs  for  the  sizes  of  pipes  used  in  the  study  are: 


Size 

16- inch 

22-inch 

27-inch 

28- i nch 

30-inch 

36-inch 

Pipe  Cost 
Installation  Cost 

$22.15 

3.51 

$26.43 

4.82 

$30.00 

5.90 

$31 .60 
6.12 

$35.00 

6.51 

$62.40 

7.81 

Total 

S25.66 

531 .25 

$35.90 

$37.72 

$41 .51 

$70.21 

For  the  fixed  pipelines,  the  installation  cost  was  incurred  once;  for  the 
temporary  pipelines,  it  was  assumed  that  the  removal  cost  would  be  one-half 
of  the  installation  cost. 

Although  transport  of  dredged  material  through  long  pipelines  is  undoubtedly 
feasible,  it  must  be  borne  in  mind  that  the  layouts  described  in  this  study 
are  conceptual  only,  and  that  many  technical,  economic  and  environmental 
factors  will  have  to  be  considered  before  such  a system  can  be  built. 


# 


> 
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4.3.5  Other  Transportation  Equipment  - Consideration  of  other  tra;  .<• 
modes  for  dredqed  materials  included  pipelines  on  1 and ,rai  1 road  cars, 
and  trucks.  A logical  land  pipeline  route  for  example,  would  extend  from 
- near  the  center  of  gravity  of  Bay  dredging  projects  (in  the  vicinity  of 

Richmond)  along  the  northern  Contra  Costa  shoreline  to  a disposal  site 
in  the  Delta.  This  plan  would  require  acquisition  of  right-of-way  through 
highly  urbanized  areas  and  construction  involving  utility  relocations, 
road  and  water  crossing,  etc.  Since  this  type  of  construction  would  be 
considerably  more  expensive  than  that  of  a pipeline  in  the  Bay  and  pro- 
bably would  involve  at  least  as  many  administrative  and  environmental 
constraints,  this  alternative  was  not  pursued. 

Several  factors  militate  against  the  use  of  rail  or  truck  transport  of 
dredged  materials.  Since  it  would  be  uneconomical  to  transport  a slurry 
of  85%  or  more  water  by  railroad  car  or  truck,  transport  by  this  mode  would 
probably  be  limited  to  material  excavated  by  mechanical,  rather  than  hy- 
draulic means,  unless  a facility  were  constructed  for  dewaterina  the  ma- 
terial. Also,  railroad  cars  or  trucks  would  have  to  be  water  tight  to 
prevent  discharge  of  the  material.  Coordinating  the  "ovement  of  the  large 
number  of  trains  or  trucks  required  with  railroad  schedules  and  through 
city  traffic  would  be  extremely  difficult.  Rehandlinq  facilities  would 
be  required  to  load  the  material  from  the  scow  or  other  conveyance  to  the 
railroad  car  or  truck  and  also  at  the  other  end  to  unload  it  into  the 
transport  mode  taking  it  to  the  disposal  site. 

Relative  costs  for  these  transport  methods  are  indicated  in  a recent 
(1972)  report  on  disposal  of  wastewater  and  residual  solids  (Ref.  53). 

This  study  reported  the  cost  of  truck  transport  of  wastewater  sludge  for 
hauls  up  to  50  miles  ranged  from  $0.80  to  *2.00  per  ton-mile  (drv  solids); 

* railroad  transport  (50-200  miles)  ranged  from  $0.60  to  $fi.00  per  ton-mile 

(dry  solids);  barge  transport  (20  to  200  miles)  ranqed  from  about  $0.15 
to  $1.50  per  ton-mile  (dry  solids);  and  pipeline  transport  (any  distance) 
ranged  from  $0.11  to  $1.02  per  ton-mile  (dry  solids) 

■'  For  the  foregoing  reasons,  truck  and  railroad  transport  were  not  considered 

further. 

I 

# 

n 


4 - 17 


4.4  TRANSFER  EQUIPMENT 

4.4.1  General  - Transfer  equipment  is  proposed  for  use  in  changing  trans- 
port modes;  the  primary  purpose  of  this  equipment  is  to  effect  transport 
economy,  efficiency  and  convenience. 

Only  certain  elements  of  the  proposed  equipment  have  been  used  in  dredging 
practice;  others  are  conceptual  elements  only  and  would  require  further 
design  and  testing  before  use. 

Three  basic  types  of  transfer  stations  were  studied.  The  first  is  a mobile 
unit  which  could  be  moved  as  needed.  This  unit  could  be  barge  mounted  and 
would  supply  four  services:  pumping;  direct  scow  pumpout  (slurry  reconsti- 

tuting); dredged  material  conditioning  to  optimum  consistency; 
and  a reservoir  capacity.  This  unit  would  also  supply  services  required 
at  the  other  two  types  of  stations.  The  second  type  of  transfer  station 
is  a fixed  installation  which  would  be  located  in  San  Pablo  Bay  near  the 
center  of  qravityof  the  dredging  projects  included  in  this  study.  Third, 
fixed  stations  located  at  each  land  disposal  site  were  considered. 

4.4.2  Mobile  Transfer  Units  - This  type  of  unit  could  be  stationed  tem- 
porarily in  the  Bay  for  a particular  dredging  project  or  permanently  in 
order  to  provide  services  at  the  proposed  San  Pablo  Bay  transfer  station 
or  at  a land  disposal  site  station.  A number  of  these  units  have  been 
conceptualized,  each  providing  a slightly  different  range  of  services. 

The  services  include  (1)  pumping  materials  received  at  the  station  through 
various  types  of  pipelines;  (2)  removal  of  materials  from  non-bottom  dump- 
ing scows  brought  alongside;  (3)  conditioning  of  materials  received  to 
allow  pumping  at  a maximum  efficiency,  and;  (4)  a reservoir  capability 
which  would  allow  direct  receipt  of  materials  from  either  a hopper  dredge 
with  pumpout  capability  or  a clamshell  dredge.  Some  of  the  units  have  more 
pumping  capability  than  others  while  some  use  diesel  power  and  others 
electric.  The  intent  of  including  a range  of  these  units  was  to  determine 


Cost  estimates  for  the  mobile  transfer  units  were  developed  based  on 
information  obtained  from  local  fabricators  contractors,  and  pump 
manufacturers.  Table  IV-2  displays  the  ranqe  of  units  studied,  their 
capabilities  and  their  unit  costs.  In  Chapter  VII,  the  locations  of 
the  units  are  described  in  the  various  d redge/ transport  systems. 

4.4.3  Fixed  Transfer  Station  - San  Pablo  Bay  - Plans  were  formulated  for 
a major  transfer  facility  at  a point  in  San  Pablo  Bay,  adjacent  to  the 
navigation  channel  .about  six  miles  offshore  from  the  Petaluma  disposal 
site.  This  point  was  chosen  as  being  close  to  the  center  of  gravity  of 
dredging  in  the  Bay  and  also  accessible  by  hopper  dredge  or  scow.  Two 
alternative  designs  were  studied  for  this  location:  the  first  consists  of 

a sheet  pile  enclosed  dump  basin  open  at  both  ends,  about  600  feet  long 
and  150  feet  wide,  with  its  bottom  dredged  about  15  feet  deeper  than  the 
adjacent  bay.  This  installation  is  shown  on  Plate  I V-3 ; the  second  consists 
of  a simple  pipeline  terminus  surrounded  by  breasting  and  mooring  dolphins. 
Power  to  operate  either  facility  would  come  from  a mobile  transfer  unit 
moored  at  this  site. 

Planned  operation  of  the  first  design  alternative  would  allow  a hopper 
dredge  or  bottom  dump  scow  to  enter  the  enclosure,  dump  its  load,  and 
continue  its  circuit  back  to  the  dredging  area.  The  dumped  material 
would  be  removed  by  the  use  of  a small  hydraulic  dredge  or  an  intake 
system  installed  in  the  bottom  of  the  basin.  This  latter  system  would 
consist  of  intakes  leading  to  a discharge  pipe  and  jets  which  would  be 
used  for  reconstituting  the  dumped  material  into  a slurry  for  pipeline 
transport.  The  material  would  be  transported  through  a fixed  pipeline 
to  one  of  the  land  disposal  sites  in  the  north  bay/Delta  area  or  to  the 
100- fa  thorn  line. 

The  concept  of  bottom  dumping  and  rehandling  is  long  established.  This 
technique  always  involves  the  problem  of  increased  turbidity.  It  is 
assumed  that  with  the  system  proposed,  the  dumped  material  would  be  lo- 
calized in  the  sump  and  the  spread  of  turbidity  would  be  minimized.  This 
could  be  the  subject  of  further  analysis  and,  if  it  is  found  to  be  a serious 
problem,  consideration  could  be  given  to  the  used  of  silt  barriers(polvvin. 1 - 
chloride  screens)  such  as  referred  to  in  Ref.  51. 


It  is  estimated  that  the  capital  cost  of  the  transfer  station  described 
would  be  $1,250,000,  of  which  about  $1,175,000  is  for  piling  and  other 
structural  work  and  $75,000  is  for  excavation.  The  operating  cost  is 
estimated  to  be  $10,000  per  year. 

The  second  design  alternative  for  a permanent  transfer  facility  in  San 
Pablo  Bay  would  consist  of  only  a terminus  for  the  fixed  pipeline  adjacent 
to  a line  of  cluster  piles  or  dolphins  for  mooring  a hopper  dredge  or 
scow.  In  this  case,  the  dredge  or  scow  would  tie  up  to  the  dolphins  and 
would  be  pumped  out  directly  into  the  fixed  pipeline  leading  to  the  land 
disposal  sites  or  to  the  100-fathom  line. 

It  is  estimated  that  the  capital  cost  of  this  installation  would  be 
$150,000  and  the  operating  costs  $2,000  per  year. 

4.4.4  Transfer  Station  at  Land  Disposal  Site  - Another  potential  transfer 
point  consists  of  a turning  basi n/reservoi r constructed  at  a land  disposal 
site.  This  type  of  facility  would  allow  operations  similar  to  those  at  the 
remote  San  Pablo  Bay  facilities  previously  described  to  occur  at  a land  site. 

For  each  land  disposal  site,  different  considerations  are  involved.  In 
the  case  of  the  Petaluma  River  site,  this  would  involve  deepening  the 
existing  channel  to  the  site  (six  miles  +_)  in  addition  to  dredging  the 
turning  basin/reservoir.  At  the  Montezuma  Slough  site,  the  existing  slough 
west  of  Collinsville  could  be  deepened,  and  at  the  Sherman  Island  site,  the 
basin  could  be  excavated  adjacent  to  the  channel.  Two  of  the  basins  are 
shown;  on  Plate  VI  - 10  (Petaluma),  and  VI  - 12  (Sherman  Island). 

The  capital  cost  of  the  rehandling  basin  at  the  Petaluma  site  is  estimated  to 
be  $6,000,000,  of  which  $1,600,000  would  be  for  excavating  the  basin  and 
$4,400,000  for  dredging  a 30-foot  deep  channel  to  the  site.  The  operating 
and  maintenance  cost  for  this  facility  is  estimated  to  be  $40,000  per  year. 
The  capital  cost  of  the  rehandling  basin  at  the  Sherman  Island  site  is 
estimated  to  be  $1,400,000,  the  majority  of  which  would  be  for  excavation, 
and  the  operation  and  maintenance  cost  to  be  $10,000  per  year. 
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CHAPTER  V 
AQUATIC  DISPOSAL  SITES 


5.1  LOCATION 

Five  aquatic  disposal  sites  in  the  San  Francisco  Bay  and  two  outside 
the  Golden  Gate  were  specified  by  the  Scope  of  Services.  These  are: 

t Carquinez  Strait 

A rectangular  area  1000'  x 2000'  with  the  long  axis  bearing  80° 

T and  the  center  of  which  is  Latitude  38°  03'47"  N,  Longitude  122°15'55"W. 

• San  Pablo  Bay 

A rectangular  area  1500'  x 3000'  with  the  lonq  axis  bearing  50° 

T and  the  center  of  which  is  Latitude  38°00'28"  N, Longitude  122°24'55"W 

• Alcatraz  Island 

A circular  area  2000'  in  diameter  the  center  of  which  is  Latitude 
37°49'17"  N,  Longitude  122°25'23"W. 

• Hunters  Point 

A circular  area  2000'  in  diameter  the  center  of  which  is  Latitude 
37°44 ' 10"  N,  Longitude  122°20'40"W. 

• San  Francisco  Bay  South 

A rectangular  area  1500'  x 3000'  with  the  long  axis  bearing  300°T 
and  the  center  of  which  is  Latitude  37°34'30"  N,  Longitude  1 22°1 3 ' 1 5 " W . 
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• San  Francisco  Bar 


About  2 miles  square  , 5000  x 1000  yards,  2500  yards  south  and 
parallel  to  the  channel.  Latitude  37°  45'06"  N,  Longitude  122°  35'45"W. 

t Farallon  Islands  - 100  Fathom 

29.6  nautical  miles  from  the  Golden  Gate,  1000  yards  radius. 
Latitude  37°  31 ’45"  N,  Longitude  122°  59'00"  W. 

Theses  sites  are  delineated  in  Plate  V-l. 

5.2  CONSTRAINTS 

Present  California  Regional  Water  Quality  Control  Board  (RWQCB)  policy 
is  to  allow  disposal  of  dredged  material  only  at  certain  sites  depending 
on  the  degree  and  type  of  pollution  in  the  sediments.  These  criteria  are 
sediments  polluted  with  organic  material  may  be  disposed  at  the  Alcatraz 
site,  and  sediments  polluted  with  heavy  metals  may  be  dumped  at  the  100- 
fathom  line.  The  background  of  this  policy  decision  is  this: 

CRWQCB  Resolution  72-15  states,  in  part: 

"a.  If  none  of  the  allowable  concentration  limits  of  the  seven 

parameters  except  Zinc  specified  in  EPA  criteria  are  exceeded, 
the  sediment  will  be  classed  as  "not  polluted"  and  will  be 
allowed  for  dumping  at  one  of  five  spoil  disposal  sites  in 
the  Bay  which  are  proposed  by  the  U.S.  Army  Corps  of  Engineers. 
The  Regional  Board  Executive  Officer  will  specify  the  appro- 
priate disposal  site  on  a case-by-case  basis. 

b.  If  any  allowable  concentration  limits  of  the  parameters 
except  Zinc  specified  in  EPA  criteria  are  exceeded,  the 
sediment  will  be  allowed  for  dumping  at  a land  disposal 
site  approved  by  the  Regional  Board  except  that  spoils 
"polluted"  with  heavy  metals  or  organic  matter  may  be 
allowed  for  aquatic  disposal  at  sites  specified  by  the 
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Regional  Board  on  a case-by-case  basis  after  weighing 
both  the  significance  of  the  decree  of  pollution  and 
the  community  values  of  the  project,  and  if  it  can  be 
demonstrated  by  the  proponent  to  the  satisfaction  of 
the  Regional  Board  that: 


(1)  Land  disposal  is  not  feasible,  and 


(2)  The  project  is  essential  and  must  go  forward,  other- 
wise severe  economic  or  social  damage  will  result, and 


(3)  Additional  funds  are  not  available  to  permit  the  pro- 
ject to  proceed  in  compliance  with  the  Board's  Interim 
Policy  of  April  25,  1972.  It  is  not  intended  that  an 
exception  be  granted  on  this  basis  more  than  once. " 

The  resolution  does  not  identify  aquatic  sites  specifically  which  can  be 
used  for  disposal  of  sediments  polluted  with  organic  matter  or  with  heavy 
metals.  However,  RWOCB  Resolution  72-4  states  that  sediments  classified 
as  "polluted  with  organic  matter"  will  be  allowed  for  dumping  at  the 
Alcatraz  site.  A memorandum  from  the  San  Francisco  Regional  Water  Qua- 
lity Control  Board  dated  March  20,  1972,  subject:  Amendment  of  Policy 

with  Respect  To  Requlati on  of  Dredged  Spoil  Disposal  in  the  San  Francisco 
Bay  Region,  states  that  the  Alcatraz  site  would  provide  rapid  dispersion 
of  disposed  spoil  and  prevent  accumulation  of  excessive  organic  patter. 

The  memorandum  also  states  that  the  Pacific  Ocean  at  the  100-fathoi  line 
is  at  the  edge  of  the  continental  shelf  and  at  this  location  the  settled 
solids  will  rapidly  disperse. 

Another  criterion  for  disposal  of  dredged  material  at  aquatic  disposal  sites 
is  the  requirement  that  it  must  be  disposed  of  to  seaward.  This  is  for- 
malized in  the  San  Francisco  District's  Public  Notice  No.  72-61  of  1: 

May,  1972,  which  states  in  part  that  "At  no  time  would  it  be  proposed 
that  spoil  would  be  transported  away  from  the  Golden  Gate  at  ; f 
where  more  material  could  remain  in  the  Bay." 
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As  will  be  noted  in  Chapter  VII,  costs  were  determined  for  transport  of 
dredqed  material  from  all  dredging  sites  to:  the  closest  aquatic  disposal 
sites;  the  closest  aquatic  disposal  sites  conforming  to  the  seaward  disposal 
criterion;  the  100-fathom  line;  and  the  aquatic  and  land  disposal  sites  con- 
forming to  the  RWQCB  criteria.  Costs  were  also  determined  for  transport  to 
land  disposal  sites.  The  computer  proqrani  is  flexible  enough  to  accept 
changes  in  disposal  sites  if  regulations  are  modified  in  the  future. 
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CHAPTER  VI 


CHAPTER 
LAND  DISPOSAL  S 


6.1  SITE  IDENTIFICATION 

6.1.1  General  - The  process  of  identifying  land  areas  in  the  San  Franc 'sco 
Bay  vicinity  which  may  be  available  to  receive  dredged  materials  wn 

cated  by  many  factors.  The  geographical  area  covered  by  the  study  is  lame 
and  diverse  in  topography.  Potential  sites  are  located  relatively  close  to 
many  urban  areas  which  subjects  them  to  urban  demands  and  to  the  authority 
and  jurisdiction  of  many  agencies.  Because  the  quantity  of  dredged  r iterial 
to  be  deposited  is  large,  land  disposal  sites  must  also  be  relatively  large; 
such  large  open  areas  are  frequently  traversed  by  major  utilities,  mood 
control  channels  or  other  important  land  features.  Since  large  open  areas 
are  rapidly  becoming  scarce  in  the  Bay  area,  pressures  or  the  one  hand  to 
develop  them  as  residential  or  industrial  properties  and  on  the  other  hand 
to  retain  them  as  undeveloped  open  space  may  militate  against  their  use  as 
disposal  areas.  Many  of  the  potential  sites  are  adjacent  to  or  near  wild- 
life areas,  which  may  subject  their  use  as  disposal  areas  to  criticism 

The  site  identification  process  was  essentially  a process  of  elimination. 
Beginning  with  some  basic  constraints,  a methodology  was  developed  and 
implemented  which  led  to  the  identification  of  a number  of  potential  sites. 
The  process  was  carried  out  over  the  entire  study  period  to  identify  m 
many  potentially  available  sites  as  possible. 

6.1.2  Constraints  - Several  logical  constraints  were  imposed  by  th. 

of  Services  on  the  site  identification  process  at  the  outset  of  the  tudy: 

• Areas  must  be  larger  than  200  acres.  This  condition  was  included 
because  one  purpose  of  this  study  was  to  identify  and  evaluate  sites  capa- 
ble of  accommodating  disposal  from  Bay  dredginq  activity  for  20  years 
(200,000,000  cubic  yards  •)•  It  was  assumed  that  the  least  number  of  sites 
necessary  to  accomplish  this  would  result  in  the  most  economical ' frmsihl- 
solution. 
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In  selecting  the  sites,  the  200  acre  minimum  criterion  was  observed,  but 
the  more  desirable  sites  are  considerably  larger,  since  economies  accrue 
when  development  costs  are  spread  over  longer  time  periods  and  greater 
quantities  of  spoil  material. 

• Areas  must  not  encompass  public  wildlife  refuges  or  recreation 
areas  or  critical  wildlife  habitats  (including  marshes  and  mudflats) . In- 
clusion of  this  constraint  was  predicated  on  the  fact  that  landfill  opera- 
tions would  materially,  and  perhaps  irretrievably,  change  the  characteris- 
tics and  use  of  such  lands. 

• Areas  should  generally  not  be  above  the  fifty-foot  mean  sea  level 
(MSL)  contour  or  below  the  elevation  of  mean  higher  high  water  (MHHW) . The 
first  constraint  was  imposed  because  of  transportation  economics;  it  is 
possible,  however  that  a future  study  to  identify  potential  sites  above 
the  fifty-foot  elevation  would  be  productive.  The  lower  elevation  limi- 
tation was  based  on  regulatory  agency  policies  affecting  such  areas. 

Several  potentially  promising  sites  are  included,  however,  which  are  sit- 
uated below  MHHW  but  are  behind  dikes  and  used  primarily  for  agriculture. 

• Areas  with  existing  development  should  be  excluded.  This  con- 
straint is  self-explanatory. 

• Areas  should  be  within  approximately  60  miles  of  any  dredging  site . 
Transportation  economics  dictated  inclusion  of  this  constraint. 

• Although  not  listed  in  the  Scope  of  Services,  other  constraints 
were  observed  during  the  selection  process:  for  example,  areas  of  excessive 
slope  or  those  required  for  flood  plain  management  were  excluded.  Imposi- 
tion of  these  constraints  eliminated  consideration  of  areas  on  which  the 
topography  would  render  site  development  very  costly  and  site  operation 

di ffi cul t. 

The  feasibility  of  using  abandoned  quarries  as  disposal  sites  was  also 
considered  and  a number  of  quarries  within  a reasonable  distance  of  the 

* 
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Bay  were  investigated.  Rock  quarries  were  ruled  out  after  a prel  i i t 
review  because  of  their  small  capacities.  Sand  and  gravel  quarries 
were  eliminated  because  of  the  possiblity  of  contamination  of  ground 
water  by  the  pollutants  in  the  dredged  materials,  especially  in  the  early 
stages  of  filling  before  a "blanket"  of  clay  is  built  up.  Also,  many 
sand  and  gravel  pits  are  in  areas  of  ground  water  recharge  (pits  near 
Fremont  are  of  this  type)  which  would  preclude  their  use  as  disposal  sites. 

6.1.3  Methodology  - Using  the  above  constraints  as  ground  rules,  a metho- 
dology  for  identifying  potential  sites  was  developed.  The  methodology, 
consisting  of  the  following  elements,  was  iterated  over  the  duration  of 
the  study. 

A.  Basic  constraints  were  plotted  on  maps  covering  the  study  area 
(encompasssi ng  areas  within  60  miles  of  dredging  sites).  Information  for 
the  plotting  process  was  derived  from  USGS  maps,  road  maps,  city  maps, 
aerial  photographs , and  other  documents.  Of  particular  value  were  recent 
(1970  and  1973)  NASA  photographs  furnished  by  the  San  Francisco  District 

of  the  Corps  of  Engineers.  These  color  photographs,  taken  from  an  altitude 
of  60,000  feet  are  of  extremely  high  resolution.  They  were  especially  use- 
ful in  identifying  open  areas  around  the  periphery  of  the  Bay. 

B.  Sites  apparently  notin  conflict  with  basic  constraints  were 
visited  and  given  a brief  field  inspection. 

C.  Agencies  and  parties  having  an  interest  in  the  identified  sites 
were  contacted  to  gain  further  information.  These  included: 

1.  Federal  Agencies 

• Bureau  of  Reclamation 

• Corps  of  Engineers  (San  Francisco  and  Sacramento  Districts' 

• Bureau  of  Sport  Fisheries  and  Wildlife 

• Naval  Facilities  Engineering  Command 

• Enviromental  Protection  Agency 


» 
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2.  State  Agencies 

• Department  of  Water  Resources 

• Department  of  Transportation 

• Regional  Water  Quality  Control  Boards 

• Department  of  Fish  and  Game 


3.  County  Agencies 

• Sonoma  (Planning,  Public  Works,  Industrial  Development 
Flood  Control) 

• Sacramento  (Planning,  Public  Works,  Environmental  and 
Conservation) 

• San  Mateo  (Planning,  Public  Works,  Refuse) 

• Solano  (Planning,  Public  Works,  Industrial  Development) 

• Marin  (Planning,  Parks  and  Recreation,  Flood  Control) 

• Alameda  (Planning,  Public  Works,  Flood  Control,  Real 
Estate) 

• Santa  Clara  (Planning,  Flood  Control) 

• Napa  (Planning,  Flood  Control) 

• Contra  Costa  (Public  Works,  Planning) 

4.  Cities 


• Newark 

• Fremont 

• San  Jose 

• Foster  City 

• Redwood  City 

5 .  Other  Agencies 

• San  Francisco  Bay  Conservation  and  Development  Commission 

• Association  of  Bay  Area  Governments 

• California  Coastal  Commission 

I 

* 
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f . Utj lities  and  Transportation 

• Pacific  Gas  and  Electric  Company 

• Southern  Pacific  Railroad 

• San  Francisco  International  Airport 

7 • Others 

• Dredging  Contractors 

• Large  Landowners 

• Industrial  Real  Estate  Brokers 

Information  gained  from  the  above  sources  often  revealed  additional 
constraints.  Also,  suggestions  were  frequently  made  regarding  other 
potential  sites  and  additional  information  pertinent  to  site  evaluation 
was  often  received. 

D.  Planning  documents  of  various  aqencies  and  organizations 
were  reviewed  during  the  selection  process. 

E.  Detailed  inspections  of  sites  identified  through  the  above 
procedures  were  conducted  to  define  significant  and  unique  site  characte- 
ristics. 

6.1.4  Graphic  Displays  - The  elimination  process  followed  durinq  the  site 
selection  procedure  is  displayed  on  Plates  VI-1  through  VI-8  which  are 
included  in  this  chapter. 

On  Plate  VI-1,  the  60-mile  arcs  from  the  center  of  qravity  of  dredging 
(near  Richmond)  and  from  the  outermost  dredqinq  sites  are  shown.  These 
arcs  reach  into  Lake  County  on  the  north,  east  of  Sacramento,  and  into 
Monterey  County  on  the  south. 

Much  of  the  area  within  the  60-mile  arcs  is,  however,  in  mountainous  or 
rolling  country  above  the  50-foot  contour.  Plate  VI -2  delineates  the 
study  area,  i.e.,  that  below  the  50-foot  contour  and  inside  the  60-mile 
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arcs.  It  can  be  seen  that  there  is  a fairly  narrow  band  of  land  of  this 
lower  elevation  around  the  bay,  extending  south  into  the  Santa  Clara 
Valley  and  north  into  the  valleys  of  the  Petaluma  River,  Sonoma  Creek, 
and  Napa  River.  The  flat  land  belt  broadens  in  the  Suisun  Bay  and  Delta 
areas  and  is  quite  extensive  along  the  Sacramento  and  San  Joaquin  Rivers 
as  they  drain  their  respective  valleys.  Plate  VI-2  is  also  an  index  map 
for  larger  scale  maps  (Plates  VI-3  through  VI-8)  which  cover  the  greater 
part  of  the  study  area.  The  extreme  easterly  portions  of  the  study  area 
(in  Sacramento,  Solano,  Yolo  and  San  Joaquin  counties)  are  not  covered  by  the 
larger  scale  maps,  because,  although  there  are  potential  sites  in  this 
area,  their  economic  feasibility  is  diminished  because  of  their  distance 
from  the  dredginq  areas  in  the  Bay.  Plates  VI-3  through  VI-8  delineate 
developed  areas,  areas  classified  as  marshland,  wildlife  areas,  recrea- 
tional areas,  and  other  pertinent  features.  In  addition,  potential  land 
disposal  sites  which  will  be  described  in  more  detail  in  Section  6.2 
are  shown. 


6.2  SITE  EVALUATION 

6.2.1  General  - It  is  the  intent  of  this  section  to  provide  information 
and  guidelines  for  evaluating  sites  identified  by  current  study  efforts 
as  well  as  sites  which  may  become  available  in  the  future. 

During  the  study,  site  evaluation  proceeded  with  the  determination  and 
listing  of  significant  factors  pertinent  to  the  use  of  sites  for  deposi- 
tion of  dredged  material.  In  general,  these  factors  may  be  grouped  into 
technical,  environmental,  economic,  or  administrative  categories.  In  order 
to  fulfill  the  intent  of  the  report  (to  provide  information  for  the  evalua- 
tion of  identified  and  future  sites),  and  to  eliminate  redundancy  in  the 
specific  site  evaluations,  general  considerations  are  listed  first. 

General  considerations  for  site  evaluation  are  listed  by  categories  and 
may  be  used  as  "checkl ists" . These  considerations  are  broad  and  will  assist 
not  only  in  evaluating  the  initial  suitability  of  a site  to  accept  dredged 
material,  but  also  to  indicate  potential  problems  in  site  development  and 
t operations. 


il 


6.2.2  Factors 


A.  Technical  Considerations 

• Slopes  - Sites  with  excessive  slope  will  allow  varying  thickness  of 
deposition,  which  may  cause  placement  and  drying  problems  as  well  as  future 
settlement  problems.  In  the  event  that  the  dredged  material  is  conditioned 
by  compaction  (discussed  in  Section  6.3),  uniform  thicknesses  of  deposited 
material  are  necessary  to  preclude  extensive  site  preparation. 

• Foundation  Conditions  - The  majority  of  the  proposed  sites  are 
located  on  bay  mud,  which  has  been  described  by  Mitchell  (Ref.  45)  as  "A 
medium  to  dark  gray,  soft,  silty  clay  becoming  fi rmer  with  depth,  contain- 
ing varying  amounts  of  shells  and  organic  matter.  In  some  areas  the  upper 
part  of  the  mud  contains  interbedded,  thin  lenses  of  fine  to  medium  sand. 
The  material  is  moderately  sensitive  to  remolding,  has  a low  undisturbed 
strength,  is  very  compressible  and  possesses  a medium  to  high  plasticity". 

Settlement  and  failure  of  fills  placed  on  bay  mud  has  been  studied  by 
numerous  groups,  and  it  has  been  found  that  the  amount  of  settlement  is 
proportional  to  the  thickness  of  the  mud  layer.  Lee  and  Praszker  (Ref . 43  ) 
adapted  the  work  of  the  U.S.  Army  Corps  of  Engineers  (Ref.  36)  to  develop 
a chart  showing  the  relationship  between  ultimate  settlement,  thickness  of 
fill  and  thickness  of  mud  which  is  applicable  for  certain  specific  condi- 
tions. Another  chart  provides  the  relationship  between  rate  of  settlement 
(primary  consolidation)  and  thickness  of  mud.  These  charts  have  been  used 
to  estimate  settlement  that  may  be  expected  and  rates  of  consolidation 
at  various  disposal  sites  situated  on  bay  mud.  Comments  on  expected 

if  settlements  at  specific  sites  are  included  in  Section  6.3.4. 

li 

There  is  a possibility  that  a lateral  movement  or  "mudwave"  may  form  in 
the  underlying  mud  due  to  loading  of  a disposal  area.  Such  a wave  could 
possibly  change  the  contours  of  adjacent  sloughs  or  marshes  with  attendant 
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occur  are  identified  under  the  individual  site  descriptions  in  Section 
6.2.3.  It  is  felt,  however,  that  the  rate  of  filling  of  the  disposal 
areas  will  be  so  slow  that  this  effect  will  be  minimal. 

Another  significant  foundation  type  is  the  peat  which  underlies  much  of 
the  Sacramento-San  Joaquin  delta.  The  anticipated  settlements  due  to 
loading  of  this  type  of  foundation  are  discussed  in  Section  6.3.4. 

t Earthquake  Hazard  - All  of  the  disposal  sites  considered  in  this 
study  are  located  in  a seismically  active  area  and  may  be  subjected  to 
severe  earthquake  shaking  at  any  time.  Pertinent  geological  data  on 
the  sites  which  are  closest  to  known  active  faults  (Petaluma  River,  Hamil- 
ton AFB,  Fremont,  and  Bair  Island)  are  discussed  in  Section  6.2.3  under 
the  appropriate  heading. 

Following  the  Alaska  earthquake  of  1964,  extensive  investigations  were 
made  to  determine  the  possible  behavior  of  bay  mud  foundations  when 
subjected  to  stronq  earthquake  shaking.  Seed  (Ref.  44),  based  upon 
research  at  the  University  of  California  and  on  data  from  recent  earth- 
quakes, came  to  the  following  conclusions: 

(1)  Under  level  ground  condi tions , there  is  no  evidence  to 
indicate  that  the  clay  portion  of  the  deposit  would  settle  or  liquefy 
during  an  earthquake. 

(2)  The  sand  seams  in  the  clay  may  liquefy  during  strong 
ground  motions,  but  this  is  unlikely  to  have  any  serious  effect  unless 
the  liquefied  layer  underlies  or  is  inmediately  adjacent  to  a sloping 
surface  and  is  located  at  a depth  permitting  sliding  to  occur.  Other- 
wise the  only  effect  would  be  very  small  settlement  as  the  pore  pressures 
in  the  liquefied  seams  dissipated  after  the  earthquake. 


(3)  Slopes  and  adjacent  land  composed  of  or  underlain  by  the 
clay  may  slide  during  the  earthquake  due  to  the  additional  forces  devel- 
oped in  them  by  the  earthquake  unless  they  are  of  sufficiently  conser- 
vative design. 
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(4)  The  deformable  nature  of  the  San  Francisco  Bay  inud  will 
cause  any  deposit  containing  a substantial  thickness  of  the  clay  to 
vibrate  with  a relatively  low  frequency  of  vibration.  As  a result, 
qround  surface  motions  would  have  lower  frequencies  than  those  of  ad- 
jacent areas  not  underlain  by  mud  deposits. 

These  conclusions  indicate  that  small  embankments  having  low  funda- 
mental frequency  characteristics  would  be  expected  to  withstand  seismic 
vibrati ons . 

Concerning  the  amplification  of  ground  motion  and  its  effect  on  bay  mud. 
Seed  has  pointed  out  that  the  performance  of  the  Anchorage,  Alaska 
soils  is  indicative  of  the  fact  that  if  settlement,  liquefaction  and 
landsliding  are  avoided,  ground  shaking  on  filled  areas  will  not  necessa- 
rily lead  to  any  appreciable  damage  to  appropriately  designed  structures 
during  strong  earthquakes." 

• Drainage  Conditions  - Many  of  the  potential  sites  are  located 
in  low,  diked  areas  where  rainfall  or  surface  runoff  from  higher  eleva- 
tions must  be  controlled  by  pumping.  In  such  locations,  provision  must 
be  made  for  channels  through  or  around  the  dredged  fill  and  pumps  of 
sufficient  capacity  to  handle  the  flow.  The  pumping  system  could  possibly 
be  used  in  conjunction  with  disposal  site  pond  dewaterinn  systems.  Hold- 
ing basins  to  allow  storm  water  evaporation  or  infiltration  into  the 
ground  might  also  be  considered.  If  dredged  fill  is  olaced  on  a site 
where  it  blocks  natural  drainage  channels,  channels  of  adequate  capacity 
must  be  provided  through  or  around  the  area. 


• Access  - This  is  one  of  the  most  important  of  the  considerations 
since  it  has  a direct  bearing  on  the  cost  of  disposal  at  a particular  site. 
The  ideal  site  would  be  one  close  enough  to  a dredging  site  so  that  it 
could  be  reached  by  a short  pipeline  from  the  dredge.  Equally  desirable 
would  be  one  adjacent  to  a deep  water  channel  so  that  hopper  dredges  or 
scows  could  dispose  of  their  loads  by  direct  pumpout  with  short  pipelines 
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or  by  dumpinq  into  rehandling  basins  at  the  disposal  site.  Sites  which 
are  on  shallow  waterways,  such  as  the  Petaluma  River  and  San  Rafael  Creek, 
are  limited  to  access  by  shallow  draft  dredqes  and  scows,  which  precludes 
the  use  of  larger,  more  efficient  equipment.  Sites  which  are  not  close 
to  waterways  can  only  be  economically  reached  by  lonq  pipelines,  with 
attendant  installation  and  operating  problems  and  high  costs. 

• Existing  Dikes  - In  evaluating  sites  with  existing  peripheral 
dikes  or  levees,  thorouqh  investigations  of  these  embankments  must  be 
conducted  if  they  are  to  be  considered  for  use  in  retaining  the  fill 
material.  Generally  speakinq,  most  existing  dikes  and  levees  in  the 
Bay  and  Delta  areas  are  of  questionable  quality,  and  should  either  be 
thoroughly  inspected  and  repaired  or  should  be  strengthened  with  well 
designed  and  constructed  buttresses. 

t Shape  - This  is  not  a particularly  important  factor,  since 
retention  pond  configurations  can  be  adapted  to  fit  a site  of  almost 
any  shape.  A site  such  as  a long,  narrow,  abandoned  railroad  right-of-way, 
however,  should  be  avoided. 

• Effluent  Discharge  - Site  location  with  respect  to  a discharge  point 
for  water  decanted  from  the  settling  pond  is  extremely  important.  The 
most  desirable  site  would  be  immediately  adjacent  to  a body  of  water  which 
could  accept  this  discharge  (subject  of  course,  to  the  effluent  meeting 
turbidity,  salinity,  and  pollutant  criteria  of  regulating  aqencies).  An 
inland  site  could  require  a discharqe  pipeline  and  possibly  a pumping 
system  to  return  decanted  water  to  an  acceptable  discharge  location. 

• Utilities  - Most  of  the  potential  sites  in  the  Bay  and  Delta 
areas  are  crossed  by  utilities.  Relocations  of  small  water,  gas,  power, 
and  other  lines  do  not  generally  pose  a formidable  problem  when  consi- 
dered in  relation  to  overall  costs  of  the  project.  However,  larqe 
electrical  transmission  lines  such  as  those  that  cross  the  Petaluma  River 
and  Sherman  Island  sites,  larqe  cross  countrv  qas  lines  such  as  those 
crossing  Sherman  Island,  and  other  large  utilities  must  either  be  avoided, 
relocated,  or  protected.  Some  of  the  problems  associated  with  major  uti- 
lities are  discussed  in  the  section  on  development  of  the  Delta  and  Petaluma 
sites.  (6.3.8). 
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• Miscellaneous  Improvements  - Many  of  the  potential  sites  are 
traversed  by  railroads  or  highways,  which  must  be  relocated  or  protected 
by  dikes,  or  have  existing  developments  of  varying  sizes  and  values. 

These  latter  facilities  must  be  considered  on  a case-by-case  basis  and 
most  be  either  purchased,  removed  or  in  some  way  protected. 

B.  Environmental  Considerations  - An  assessment  of  the  potential  envi- 
ronmental effects  of  placing  dredged  spoils  on  land  sites  is  an  extreme- 
ly important  part  of  a study  of  this  type.  A full  environmental  impact 
statement  is  beyond  the  scope  of  this  study;  however,  a fairly  compre- 
hensive although  necessarily  abbreviated  assessment  was  made  by  the  URS 
Research  Company  of  San  Mateo  and  is  described  in  the  following 
paragraphs.  If  land  disposal  of  dredged  material  is  implemented,  a 
more  detailed  environmental  study  would,  of  course,  be  required. 

The  environmental  assessment  has  been  divided  into  two  parts.  The  first 
includes  a set  of  criteria  which  can  be  used  to  qovern  the  process  by 
which  the  environmental  impact  of  the  land  disposal  of  dredged  spoils 
is  assessed.  The  criteria  are  briefly  described  in  this  section;  the 
complete  text  is  included  in  Appendix  E.  The  second  part  of  the  envi- 
ronmental assessment  is  a preliminary  evaluation  of  a number  of  pro- 
posed spoil  disposal  sites.  These  individual  environmental  assessments 
are  included  in  Section  6.2.3  under  appropriate  headings. 

The  key  problems  in  accomplishing  the  first  part  (establishing  criteria) 
of  the  assessment  are  as  follows: 

• Development  of  Conceptual  Methodology.  Adequately  assessing  the 
environmental  effects  of  man's  actions  is  extremely  complex.  It  is  among 
the  most  difficult  of  the  requirements  that  are  currently  mandated  by  law 
before  a given  major  action,  which  involves  environmental  resources,  can 
be  undertaken.  A central  problem  at  present  is  the  need  to  develop  a 
methodology  which  is  adequate  to  provide  an  orderly  framework  within  which 
to  identify  key  factors  and  to  interrelate  them  in  a sionificant  way.  The 
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information  so  developed  must  be  presented  in  a form  such  that  the  total 
package  meets  the  letter  and  intent  of  the  law  with  respect  to  both  form 
and  content. 

No  methodology  to  accomplish  this  has  been  formally  established  Ly  legis- 
lative action;  there  exist  no  formal  qualifications  for  those  engaging 
in  environmental  studies  which  are  in  any  sense  comparable  to  the  li- 
censing requirements  for  engineers  and  most  other  technical  and  profes- 
sional occupations.  This  part  of  the  environmental  assessment  should 
therefore  be  seen  in  the  proper  context:  the  methodology  expressed  there- 

in is  virtually  unorecedented  and  represents  essentially  the  state-of- 
the  art  in  the  field  of  environmental  impact  assessment  generally,  not 
simply  as  applied  to  the  dredge  spoil  disposal  problem. 

• Adaptation  of  the  General  Methodology  to  the  Problem  of  Land 
Disposal  of  Dredge  Spoils.  A specific  task  of  this  report  was  to  develop 
criteria  which  can  guide  in  the  assessment  of  a specific  class  .f  activi- 
ties, i.e.,  the  disposal  to  terrestrial  sites  of  dredged  materials  from 
San  Francisco  Bay.  It  has  thus  been  necessary  ir.  establ ishi rg  these 
criteria  to  correctly  bias  the  respective  emphasis  ot  each  section,  in 
order  to  emphasize  specific  problem  areas  and  to  reduce  consideration 
of  unimportant  side  issues  to  a minimum. 

This  problem  is  largely  reduced,  in  practical  terms,  to  one  of  balancing 
the  relative  amounts  of  emphasis  placed  upon  each  cf  the  many  contributing 
scientific  disciplines  which  must  be  called  upon  in  the  overall  environ- 
mental assessment  --  not  an  easy  task  if  full  cognizance  is  taken  of  the 
true  extent  of  the  complex  interactions  which  characterize  the  environ- 
ment and  the  rudiment  of  knowledge  concerning  controlling  factors  in  ins- 
tituting or  mitigating  environmental  change. 

The  purpose  of  the  second  part  of  the  assessment  is  essentially  to 
identify  the  major  environmental  considerations  bearing  on  the  general 
suitability  of  each  candidate  site  without  conducting  an  in-depth  survey 
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of  environmental  characteristics  in  detail.  The  preliminary  assessments 
which  comprise  this  part  are  intended  to  be  precisely  that  - they  are  in 
no  sense  represented  to  be  assessments  upon  which  a detailed  evaluation 
of  environmental  impact  could  be  based.  Rather,  they  are  to  be  viewed 
as  a means  of  indicating  candidate  sites  which  appear  most  suitable  for 
detailed  investigation  through  the  application  of  the  methodology  of  this 
part  in  the  context  of  a thorough  assessment  of  the  environmental  impact 
of  the  proposed  project.  The  specific  discussions  omit  detailed  treat- 
ment of  the  major  classes  of  impacts  that  are  expected  in  connection  with 
all  sites  or  with  the  general  case  of  land  disposal  of  dredge  spoils 
wherever  it  may  take  place.  Such  factors  as  the  effect  on  water  quality, 
general  effects  on  terrestrial  biological  communities,  and  so  on,  have 
already  been  discussed  in  the  first  nart  establishing  criteria.  Appli- 
cation of  this  specific  information  to  the  particular  proposed  sites  is 
not  possible  without  the  kind  of  detailed  analysis  that  would  be  required 
in  the  course  of  an  environmental  impact  statement. 

An  additional  topic  not  discussed  under  each  specific  site  description 
is  the  question  of  endangered  species  and  their  presence  or  absence.  On- 
site investigations  have  shown  that  the  majority  of  the  sites  include  at 
least  minor  representation  of  senescent  marsh  communities,  most  of  which 
are  no  longer  subject  to  direct  tidal  action.  The  possibility  does  exist 
however,  that  in  some  of  the  site  areas,  representatives  of  species  exist 
which  are  now  considered  to  be  in  danger  of  extinction,  e.q.  , the  Salt 
Marsh  Harvest  Mouse  (Reithrodontomvs)  or  the  California  Clapper  Rail 
(Rallus  Cal i fornicus ) . It  will  be  necessary  in  any  environmental  impact 
report  to  consider  carefully  the  question  of  the  presence  or  absence  of 
these  and  other  animal  species  at  the  proposed  sites. 

The  detailed  criteria  which  are  included  in  Appendix  E include  discussions 
of  the  following  subject  areas: 

• Climatology 

• Hydrology 

• Air  Quality 

• Hater  Ouality 

• Geology 
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• Terrestrial  Biology 

• Aquatic  Biology 

• Archeology 

• Aesthetics 

• Noise  and  Traffic 

• Publ ic  Health 

• Land  Use/Population/Economy 

The  main  thrust  of  the  environmental  assessment  element  of  this  study 
has  involved  the  placement  of  dredged  spoil  on  land  disposal  sites.  In 
addition,  if  one  or  more  of  the  transfer  and  transport  plans  conceptualized 
in  this  report  are  implemented,  they  should  also  be  subjected  to  an  envi- 
ronmental assessment.  For  example,  if  a rehandling  basin  is  constructed 
either  in  San  Pablo  Bay  or  at  one  of  the  land  disposal  sites,  significant 
environmental  impacts  would  almost  certainly  be  incurred  which  would 
have  to  be  studied.  Similarly,  construction  and  operation  of  a permanent 
pipeline  on  the  bottom  of  theBay  would  be  likely  to  pose  environmental 
problems . 

C.  Administrative  Considerations  - Administrative  considerations  are 
those  based  on  policy,  regulation,  or  land  use  criteria  of  authorities 
within  whose  jurisdiction  a site  exists.  Since  the  study  area  encompas- 
ses some  highly  urbanized  areas  and  covers  more  than  in  counties,  there 
are  many  authorities  which  exercise  controls. 

Agencies  with  regional  authority  or  planning  jurisdiction  over  land 
disposal  include  the  U.S.  Army  Corps  of  Engineers,  the  San  Francisco  Bay 
Conservation  and  Development  Commission  (BCDC),  the  San  Francisco  Regional 
Water  Quality  Control  Board  (RWQCB)  (or  the  Central  Valley  Regional  Board 
in  the  Delta  area),  the  State  Department  of  Fish  and  Game,  the  Federal 
Bureau  of  Sport  Fisheries  and  Wildlife,  and  the  State  Lands  Commissi  • 
Several  agencies  within  each  county  also  have  interests  in  land  disi 
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these  generally  include  Planning,  Public  Works,  Environmental,  Conser- 
vation, Industrial  Development,  and  Parks  and  Recreation  elements.  In 
addition,  there  are  several  joint-power  special  purpose  agencies  opera- 
ting within  the  study  area,  such  as  the  Association  of  Bay  Area  Govern- 
ments, which  exert  controlling  influences. 

The  most  significant  constraints  of  these  agencies  include  land  use  re- 
gulations and  policies  which  affect  site  location,  development  and 
operation,  and  water  quality  criteria  which  affect  site  operation. 

Certain  of  the  regulations  and  policies  appear  to  favor  land  deposition 
as  the  best  alternative  for  disposing  of  dredged  materials  while  others 
would  appear  to  discourage  it. 

Specific  documents  obtained  from  each  of  the  agencies  relating  to  site 
development  and  operation  were  studied  to  determine  administrative 
conditions  which  might  affect  each  site. 

D . Economic  Considerations 

• Site  Location  - This  factor  has  two  economic  impacts:  first,  the 
closer  the  site  to  a dredging  project,  the  less  the  transportation  cost 
in  reaching  the  site,  and  second,  the  farther  away  from  urban  areas,  the 
less  the  site  acquisition  or  use  cost.  Site  costs  in  the  relatively  un- 
developed North  Bay  and  Delta  areas,  for  example,  may  be  in  the  neigh- 
borhood of  $1000  per  acre,  while  those  near  developed  areas  may  be  as 
high  as  $12,000  per  acre.  These  figures  allow  conceptualization  of  po- 
tential trade-offs  between  land  values  and  additional  transportation  or 
land  enhancement  costs. 

• Size  - Certain  basic  costs  are  associated  with  the  development  of 
each  site;  the  larger  the  site  and  the  more  material  that  can  be  accommo- 
dated, the  less  the  basic  cost  per  cubic  yard  handled.  Approximately 
1613  cubic  yards  of  material  can  occupy  one  acre  of  land  one  foot  deep. 

A 200-acre  site  filled  to  a depth  of  10  feet  would  accommodate  approxi- 
mately 3,226,000  cubic  yards  assuming  a 1:1  ratio  of  disposal  area  volume 
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to  shoal  volume*;  this  amounts  to  1.6  percent  of  the  200,000,000 
cubic  yards  anticipated  to  be  generated  over  the  20-year  study  period. 

It  would  require  one  12,400  acre  site,  10  feet  deep,  to  accommodate  all 
the  anticipated  material.  Although  acquisition  and  development  costs 
would  be  greater  for  the  larger  site,  the  costs  would  be  amortized  over 
a much  longer  time  and  for  a qreater  volume,  and  would  show  a signifi- 
cantly lower  unit  cost  when  compared  to  small  sites. 

• Physical  Characteristics  - Adverse  slopes,  narrow  shapes,  diffi- 
cult access  conditions,  lack  of  adequate  dikes,  or  unusual  drainaqe 
problems  may  significantly  increase  site  development  and  operation  costs. 

• Existing  Improvements  - Utilities,  such  as  transmission  lines, 
gas  lines,  pipelines,  flood  control  structures,  etc.,  that  may  have  to 
be  relocated  or  otherwise  modified  will  affect  site  development  costs. 
Buildings,  railroads  and  other  facilities  will  also  increase  costs  if 
relocation  or  protection  is  required. 

6.2.3.  Specific  Site  Evaluations 

A.  General  - The  study  area  has  been  divided  into  six  sub-areas  as  follows 

• South  Bay  (Plate  VI-3) 

• Central  Bay  (Plate  VI-4) 

• North  Bay  (Plate  VI -5) 

t Petaluma  - Sonoma  - Napa  (Plate  VI-6) 

• Suisun  Bay  - Delta  (Plate  VI-7) 

• Fairfield  - Dixon  (Plate  VI-8) 

Sites  in  these  sub-areas  which  have  been  identified  during  this  study  are 
described  and  evaluated  in  the  following  paragraphs.  The  site  numbers 
correspond  to  the  numbers  on  the  drawings. 


* This  ratio  is  on  the  conservative  side:  as  will  be  noted  later,  for 

unprocessed  dredged  material  it  will  be  closer  to  0.6  to  1. 
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The  purpose  of  the  following  sections  is  to  disclose  significant  factors 
affecting  the  feasibility  of  using  each  site  as  a disposal  area.  In 
each  instance,  available  pertinent  information  is  provided.  Additional 
information  was  developed  for  the  Petaluma  River  and  Sherman  Island  Sites 
(Nos.  8 and  13  respectively)  because  these  sites  appear  to  be  the  most 
feasible  of  the  sites  identified.  This  information  is  provided  in  Section 
6.3. 


B.  South  Bay  (Plate  VI  - 3)  - This  area  is  marked  by  high  urban  develop- 
ment, not  only  in  the  foothills  and  flatlands  of  the  San  Francisco 
Peninsula,  but  in  the  burgeoning,  formerly  agricultural  lands  of  Santa 
Clara  and  Alameda  Counties.  Although  there  is  some  land  available  which 
meets  the  criteria  for  land  disposal,  it  is  in  demand  for  either  residen- 
tial and  industrial  development  or  for  preservation  as  "open  space". 
Consequently,  the  price  of  land  in  these  areas  is  considerably  higher 
than  that  of  comparable  land  in  areas  farther  from  centers  of  population. 

The  South  Bay  is  characterized  by  mudflats  and  marsh  areas  around  its 
periphery  and  diked-off  areas  used  presently  or  in  the  past  for  production 
of  salt.  The  San  Francisco  Bay  Conservation  and  Development  Commission 
(BCDC),  which  has  jurisdiction  over  submerged  lands,  tidelands,  marshlands, 
salt  ponds  and  managed  wetlands,  has  an  adopted  policy  (Ref.  14)  which  re- 
quires maintenance  to  the  fullest  possible  extent  of  marshes  and  mudflats 
and  maintenance  of  salt  ponds  in  their  present  state  and  wetlands  in  their 
present  use.  BCDC ' s policy  also  encourages  the  return  of  managed  wetlands 
or  salt  ponds  to  open  water  if  their  owners  desire  to  withdraw  them  from 
their  present  uses.  A large  part  of  the  South  Bay  marsh,  open  water  and 
salt  pond  area  is  included  in  the  San  Francisco  Bay  National  Wildlife  Ref- 
uge, established  in  1972. 

The  agencies  which  have  jurisdiction  over  flood  control  channels  into  the 
South  Bay  have  the  continual  problem  of  keeping  the  outlets  of  the  channels 
open  into  the  perennially  silting  Bay.  While  flood  control  officials  are 
primarily  interested  ir  finding  disposal  sites  for  their  own  dredqing  re- 
quirements, it  appears  that  they  would  be  interested  in  accepting  additional 
material  if  they  could  be  assured  that  their  own  needs  would  be  met. 
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Four  potential  sites  have  been  located  in  the  South  Bay  area:  No.  1,  in 

the  Alviso-Milpitas  area;  No.  2,  near  the  Fremont  Sky  Sailing  Airport;  Mo. 3, 
in  north  Fremont;  and  No.  4,  at  Bair  Island-Redwood  Shores.  Other  areas 
worthy  of  brief  mention  are  as  follows: 

• Moffett  Field  Naval  Air  Station  was  investigated  in  a Navy  study 
( Ref.  13),  which  indicated  that  there  is  a potential  disposal  site  in  an 
abandoned  salt  pond  on  the  station.  Because  of  its  small  size,  remoteness 
from  dredging  sites,  and  possible  environmental  constraints,  it  is  not 
considered  a viable  site. 

• Several  small  open  areas  exist  between  Moffett  Field  and  Palo  Alto, 
near  the  Bay.  These  were  also  rejected  because  of  their  small  size, 
distance  from  major  dredging  sites  and  access  problems. 

• A diked  area  of  over  500  acres  to  the  south  of  the  Palo  Alto  Golf 
Course  and  east  of  the  Bayshore  Freeway  was  considered  but  rejected  when 
found  that  it  acts  as  a flood  control  basin.  Also  , this  site  was  recently 
identified  by  the  Palo  Alto  City  Council  as  a wildlife  preserve. 

The  four  most  promising  sites  are  discussed  below: 

( 1 ) Alviso-Milpitas  (Site  No.  1) 

Area : 2550  acres 

Capacity:  41,000,000  cubic  yards  (10-foot  depth  - uncompacted) 

This  site  includes  adjacent  areas  which  abut  the  wetlands  of  the  Alviso 
area.  Typical  of  much  of  the  vicinity,  the  site  is  relatively  low  and 
is  protected  from  the  Bay  by  dikes.  Site  elevations  range  from  approx- 
imately Mean  Higher  High  Water  (MHHW)  to  about  20  feet  above  sea  level. 
About  15  percent  of  the  site  is  below  MHHW. 

Although  this  site  is  flat,  dry  land,  primarily  used  for  agriculture,  its 
potential  for  flooding  is  high.  This  potential  has  increased  because  of 
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general  land  subsidence  experienced  in  the  area  due  to  qround  water 
extraction.  Several  interested  groups,  including  the  City  of  San  Jose, 
which  exercises  jurisdiction  over  and  owns  a portion  of  the  site,  appear 
favorably  inclined  toward  some  filling  to  reduce  the  threat  of  flooding. 

The  site  is  within  the  jurisdiction  of  Santa  Clara  and  Alameda  Counties; 
it  is  not  within  the  jurisdiction  of  BCDC.  The  Association  of  Bay  Area 
Government  (ABAG)  has  designed  the  area  as  permanent  open  space.  City 
nlans  show  partial  urban  development  in  the  area.  Utilization  of  the 
site  may  be  affected  bv  the  litigation  in  process  regarding  incorpora- 
tion of  the  Alviso  area. 

Access  to  the  site  would  almost  certainly  be  by  a pipeline  which  would 
have  to  traverse  wetlands.  Development  and  operation  of  the  site  could 
be  expensive  due  to  access  difficulties  and  the  fact  that  it  is  com- 
posed of  separated  areas.  On  the  other  hand,  if  the  property  owners  are 
anxious  for  fill,  this  expense  may  be  offset.  Water  from  site  operations 
could  be  returned  to  the  Bay  through  local  waterways;  hydraulic  character- 
istics of  these  waterways  would  have  to  be  maintained  in  the  interest  of 
flood  control.  There  could  be  problems  from  an  environmental  standpoint 
because  of  returning  effluent  to  the  Bay  through  wildlife  areas.  The  orox- 
imity  of  the  site  to  Guadalupe  Creek  and  the  San  Francisco  Bay  National 
Wildlife  Refuge  would  both  be  imDortant  topics  in  an  environmental  impact 
statement  (EIS).  Proximity  to  Routes  17  and  237  would  have  to  be  evalua- 
ted from  an  air  quality  and  aesthetic  standpoint.  There  is  some  potential 
for  archaeological  artifacts.* 

( 2 ) South  Fremont  (Site  No,  2 ) 

Area:  1950  acres 

Capacity:  31,000,000  cubic  yards  (10-foot  depth  - uncompacted) 

* The  primary  concern  from  an  archaeological  standpoint  in  the  Bay  area 
is  for  evidences  of  settlements  occupied  by  native  Americans.  Criteria 
for  rating  the  archaeological  potential  of  the  various  land  disposal 
sites  included:  proximity  to  locations  where  remains  have  been  found 

in  the  past,  and  such  items  as  proximity  to  food  sources  (mud  flats, 
woodland  areas,  etc.)  and  proximity  to  locations  sheltered  from  tidal 
action,  wind,  and  other  elements. 


This  site  ia  adjacent  to  the  Sky  Sailing  Airport  and  bounded  on  the  west 
by  wetlands  and  by  Highway  17  on  the  east.  The  site  is  subject  to  flooding 
(elevation  ranges  from  just  below  MHHW  to  plus  20  feet  with  about  20  per- 
cent below  MHHW)  and  presently  does  not  appear  to  be  used  except  for  grazing. 

The  site  is  within  the  city  limits  of  Fremont  in  Alameda  County,  and  is 
subject  to  control  by  both  the  City  and  County.  These  two  agencies, 
as  well  as  ABAG,  have  designated  portions  if  not  all  of  the  site  as  per- 
manent open  space.  The  site  is  not  under  BCDC  jurisdiction. 

Site  access  would  probably  be  via  pipeline  which  would  cross  wetlands  at 
some  point.  Return  water  flow  from  site  operation  could  be  routed  along 
one  of  the  local  waterways,  although  this  might  draw  criticism  on  environ- 
mental grounds. 

Periodic  flooding  of  the  area  is  attributed  to  general  land  subsidence  as 
well  as  poor  quality  dikes  separating  the  area  from  adjacent  wetlands. 

More  productive  use  of  the  lands  may  be  realized  if  they  are  filled. 

Soil  in  the  site  area  has  low  permeability  and  poor  natural  drainage 
characteristics  with  a moderate  consolidation  potential.  A railroad  and 
power  transmission  lines  cross  the  site. 

There  appear  to  be  many  environmental  questions  surrounding  the  potential 
uses  of  this  site;  the  Conservation  Element  of  the  Fremont  General  Plan 
includes  the  site  as  an  "Environmental  Issue  Area."  The  site  is  not  far 
from  the  San  Francisco  Bay  National  Wildlife  Refuge,  and  its  potential 
influence  on  the  Refuge  would  have  to  be  carefully  evaluated.  The  effect 
of  effluent  discharge  to  and  potential  mudwave  effects  on  Mowry  Slough 
should  to  be  carefully  evaluated. 

The  site  has  potential  archaeological  value.  Since  dredged  material 
would  have  be  transported  some  distance  across  mudflat  and  salt  marsh 
communities,  consideration  of  the  potential  effect  of  a pipeline  break 
would  be  essential . 
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( 3 ) North  Fremont  (Site  No.  3) 


Area:  1800  acres 

Capacity:  29,000,000  cubic  yards  (10-foot  depth-  uncompacted) 

This  site  is  adjacent  to  the  Coyote  Hills  Regional  Park  and  is  surrounded 
by  housing  developments.  It  is  currently  a highly  productive  agricultural 
area. 

The  site  is  primarily  within  the  City  of  Fremont  in  Alameda  County.  Both 
ABAG  and  Fremont  have  designated  the  area  as  open  space,  although  there 
appears  to  be  pressure  to  develop  the  area.  In  addition,  Fremont  has 
designated  the  site  a "study  area"  for  potential  acquisition  as  an  open 
space  area.  The  site  is  not  under  BCDC  jurisdiction. 

Access  would  most  likely  be  by  pipeline,  which  would  of  necessity  cross 
wetlands.  Return  water  from  site  operations  could  be  discharged  down 
Alameda  Creek. 

The  site  is  traversed  by  roads,  power  transmission  lines,  a railroad,  and 
a major  flood  control  channel.  The  flood  control  channel  levees  are 
quite  high  relative  to  thesite,  which  ranges  from  approximately  5 to  20 
feet  above  sea  level.  Portions  of  the  site  are  used  by  the  Alameda 
County  Flood  Control  District  as  holding  areas  for  surface  runoff  from 
upland  areas.  The  holding  areas  are  also  below  the  top  of  the  channel  leeves. 
Development  of  the  site  would  require  consideration  of  alternative  means  to 
handle  the  flood  water. 

Fertile  agricultural  soils  with  good  drainage  characteristics  and  mod- 
erate subsoil  permeability  typify  the  site.  The  Open  Space  Element 
of  the  Fremont  General  Plan  refers  to  the  area  as  the  "last  of  undevel- 
oped prime  agricultural  land"  in  the  area. 
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The  site  is  shown  on  a Conservation  Element  map  of  the  Fremont  General 
Plan  as  an  environmental  issue  area.  Although  the  area  involved  is  mostly 
farmland,  there  is  evidence  of  wildlife  use.  The  utility  of  the  area  for 
indigenous  wildlife  has  been  reduced  by  agricultural  activities  which  have 
significantly  modified  native  habitat.  The  proximity  of  the  site  to  the 
Coyote  Hills  Regional  Park  may  be  a cause  of  concern  among  interested 
qroups . There  is  a possibility  of  mudwave  shallowing  of  the  adjacent 
slough  (Coyote  Slouqh),  with  potential  negative  impacts.  The  proximity 
of  the  site  to  Highway  17  and  residential  areas  may  pose  odor  and  aes- 
thetic problems. 

Runoff  water  discharged  to  the  Bay  may  create  problems  with  respect  to 
turbidity  and  BOD  because  of  the  relatively  poor  exchange  rates  in  this 
part  of  the  Bay. 

This  site  may  have  archaeological  value  although  its  importance  has  not 
been  evaluated.  There  is  an  additional  disadvantage  in  the  distance  from 
the  discharge  point  to  the  disposal  area,  with  the  consequent  necessity 
of  traversing  significant  marsh  and  mudflat  habitats  during  the  installa- 
tion of  spoil  pipes. 

Because  of  its  desirability  as  agricultural  land  and  for  other  potential 
uses,  the  value  of  the  land  is  quite  high,  from  $6000  per  acre  on  the 
western  side  to  $10,000  to  $12,000  per  acre  near  the  freeway.  It  is  one 
of  the  closer  of  the  sites  to  an  active  fault;  its  eastern  margin  is  lo- 
cated approximately  3 1/2  miles  west  of  the  Hayward  fault.  It  could  be 
subject  to  shaking  during  movement  along  this  fault. 

( 4 ) Bair  Island  (Site  No.  4) 

Area : 2500  acres 

Capacity:  19,000,000  cubic  yards  ( 8 ft  depth  - uncompacted) 

Located  between  the  Port  of  Redwood  City,  the  Redwood  Shores  development. 
Highway  101  and  the  Bay,  this  island  site  is  owned  by  Mobile  Oil  Estates  Ltd. 
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It  has  been  the  subject  of  controversy;  a portion  was  recently  granted 
to  the  State  as  a game  refuge  in  an  effort  to  clarify  title  and  use  po- 
tential. Ihe  developer  has  included  in  his  planning  the  provision  of 
a buffer  zone  between  the  residential/commerical  portion  of  the  area 
and  the  wildlife  area. 

Having  successfully  placed  dredged  material  as  fill  for  their  Redwood 
Shores  project,  the  owner-developer  of  the  site  is  willing  to  accept 
dredged  material  at  this  site,  as  well  as  a small  quantity  at  the  Redwood 
Shores  development. 

The  site  is  within  the  jurisdiction  of  Redwood  City,  San  Mateo  County 
and  BCDC.  The  City,  County,  and  ABAG  open  space  plans  show  the  site 
as  an  urban  area  with  permanent  open  space  (parks  and  beaches)  around 
the  perimeter.  BCDC  jurisdiction  is  only  along  the  100-foot  shoreline 
band  which  is  shown  as  tidal  marsh  on  the  Bay  Plan  with  specific  mention 
of  a heron  rookery.  The  site  is  entirely  below  MHHW. 

The  Redwood  City  Goals  for  Waterfront  Development  (Ref. 30)  state  under 
the  heading  "Goals  for  Residential  Development"  that  "...  Residential 
development  will  only  be  allowed  on  Redwood  Peninsula  and  Bair  Island" 
and  under  the  heading  "Goals  for  Recreational  Development"  "...  Reserve 
a large  multi-acre  site  on  Bair  Island  for  a regional  park..."  The 
developer's  plan  is  in  conformance  with  these  goals. 

Access  to  the  site  would  probably  be  by  pipeline  with  direct  effluent 
return  to  the  Bay.  Because  of  its  proximity  to  the  port  of  Redwood  City, 
this  site  would  appear  to  be  a logical  choice  to  receive  dredged  materials 
generated  by  this  port  and  possibly  others  in  the  vicinity. 

This  is  also  one  of  those  closest  to  an  active  fault;  it  is  about  6 miles 
east  of  the  San  Andreas  Fault  and  could  be  subject  to  earthquake-induced 
shaking. 


6 - 23 


Remnants  of  salt  marsh  communities  and  salt  ponds  are  included  within 
the  Bair  Island  site.  The  site  is  an  area  of  high  wildlife  use,  parti- 
cularly for  waterfowl.  Use  of  the  area  for  dredge  spoil  disposal  purposes 
would  reduce  available  wildlife  habitat  in  a part  of  the  south  Bay  where 
such  habitat  is  already  scarce. 

A potential  mav  exist  for  extrusion  of  the  underlying  mud  at  Bair 
Island  as  a "mudwave".  This  could  result  in  the  shallowing  of  the  ad- 
jacent Steinberier  Slouqh,  with  decidedly  negative  consequences  for  the 
vertebrate  and  invertebrate  fauna  of  the  slough  and  adjacent  shore  areas. 

C.  Central  Bay  (Plate  VI  - 4)  - The  Central  Bay  is  characterized  by 
dense  urbanization  and  very  little  space  which  could  be  feasibly  used  for 
dredged  spoil  disposal. 

fi 

Only  one  area, at  Bay  Farm  Island  (Site  No.  5),  was  considered  worth  iden- 
tifying as  a potential  disposal  site.  Some  other  areas  which  can  be 
briefly  commented  upon  are: 

• An  area  of  185  acres  on  the  site  of  the  old  garbage  dump  south 

of  Candlestick  Point.  This  is  a marginal  site  because  of  its  high  eleva- 
tion, small  size  and  surrounding  developments.  The  south  end  of  the  site 
is  shown  by  BCDC  as  a proposed  aquatic  park;  the  San  Mateo  County  Open 
Space  Element  of  the  General  Plan  indicates  future  urban  development  in 
the  area . 

• West  of  the  Hayward  Airport  are  some  diked  salt  ponds,  comprising 
some  650 acres , which  have  been  considered  for  development  as  residential 

* 

and  industrial  property.  This  area  is  not  shown  on  BCDC's  plan  as  beinq 
slated  for  any  particular  future  use,  but  is  of  doubtful  ootential  because 
of  its  relatively  small  size,  its  possible  use  as  a managed  wetland  or  wild- 


life area  and  its  distance  from  dredqinq  centers.  Planning  agencies  have 
desianated  this  area  for  eventual  return  to  tidal  action. 


I 
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• The  Navy  study  (Ref.  ]3)  indicates  that  a potential  disposal 
site  exists  at  the  Seaplane  Basin  on  the  Alameda  Naval  Air  Station.  It 
is  estimated  that  3,700,000  cubic  yards  of  unconditioned  spoil  may  be 
accommodated  at  this  location.  It  is  doubtful,  however,  that  the  BCDC 
would  approve  of  even  this  small  reduction  of  the  Bay's  water  surface. 

( 1 ) Bay  harm  Island  (Site  No.  5) 

Area:  900  acres 

Capacity:  14,500,000  cubic  yards  (10-foot  deDth  - uncompacted) 

This  portion  of  Bay  Farm  Island  was  reclaimed  from  previously  submerqed 
Bay  land,  and  is  now  above  the  MHHW  line.  Much  controversy  exists  over  poten- 
tial use  of  the  area,  due  to  local  expansion  policy  and  the  proximity  of 
the  Oakland  Ai rport. 


] 
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The  site  is  located  within  the  City  of  Alameda  in  Alameda  County.  Neither 
the  City  nor  the  County  has  any  particular  policy  or  regulation  which  would 
adversely  affect  the  placing  of  dredged  material  on  the  site.  BCDC  has  ju- 
risdiction over  a 100-foot  wide  shoreline  band  which  is  indicated  as  a shore- 
line park  in  the  BCDC  Bay  Plan.  BCDC  has  also  indicated  that  the  site  may 
be  suitable  for  airport-related  industry.  ABAG  has  shown  the  site  devel- 
oped except  for  open  space  along  the  waterfront.  The  owner-developer  of  the 
site  has  stated  that  very  little  if  any  additional  fill  will  be  required 
for  the  development  planned.  Since  work  on  the  development  may  start 
soon,  very  little  time  would  be  available  to  place  fill. 


Adjacent  to  Bay  Farm  Island  are  approximately  400  acres  of  undeveloped 
land  located  on  the  Oakland  Airport.  Airport  officials  indicate  that 
development  of  this  area  is  also  imminent  and  that,  because  of  the  nature 
of  the  planned  improvements,  they  cannot  accept  dredqed  materials  as  fill. 


Access  to  this  site  could  be  by  pipeline  or  water  with  return  effluent  flow 
directly  to  the  Bay. 
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The  portion  of  the  site  on  Bay  Farm  Island  has  already  been  subjected  to 
filling,  with  consequent  prior  subjection  of  the  local  biological  communi- 
ties to  significant  disturbance.  There  is  some  residual  marshland  in  the 
airport  portion  of  the  site  which  is  intensively  used  by  native  bird  popu- 
lations . 


The  possibility  of  some  mudwave  shallowing  exists  on  the  south  side  of 
San  Leandro  Channel.  Proximity  of  the  site  to  the  open  waters  of  the  Bay 
places  importance  on  runoff  water  control. 


Because  of  nearby  residential  areas,  added  importance  must  be  placed  on 
methods  of  restricting  landside  access;  the  operation  may  consitute  an 
attractive  nuisance  for  children  with  concomitant  risk  of  accidental  drown- 
ings  or  other  personal  injuries  related  either  to  the  impoundments  or  to 
construction  equipment.  Aesthetic  problems  and  odors  may  constitute  a 
source  of  potential  difficulties,  although  it  should  be  possible  to  amel- 
iorate these  through  appropriate  design  and  operational  controls. 


The  proximity  of  the  site  to  a high-use  airport  may  affect  the  ultimate 
potential  uses  of  the  site  after  filling;  particularly  careful  planning 
concerning  this  ultimate  use  will  be  required,  as  well  as  close  coordina- 
tion with  the  land-use  planning  agencies  with  an  interest  in  the  site. 


D.  North  Bay  (Plate  No.  VI  - 5)  - This  area  is  characterized  by  the 
densely  populated  East  Bay  cities,  the  rugged  southern  Marin  hills, and 
the  shallow,  marshy,  San  Pablo  Bay  area.  A large  portion  of  the  marshes 
and  mudflats  on  the  north  side  of  San  Pablo  Bay  are  included  in  the  San 
Pablo  Bay  National  Wildlife  Refuge. 


There  appear  to  be  no  viable  sites  on  the  west  side 
the  Golden  Gate  and  the  area  just  south  of  Hamilton 
because  of  the  rugged  terrain  or  urban  development. 
AFB  vicinity  will  be  discussed  later. 


of  the  Bay  between 
Air  Force  Case,  either 
Sites  in  the  Hamilton 
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The  area  between  Berkeley  and  the  Carquinez  Strait  is  not  feasible  for 
disposal  sites  mainly  because  of  intensive  urbanization  or  rugged  topo- 
qraphy.  A few  small  areas  such  as  the  Richmond  dump.  Point  Pinole,  and 
Wilson  Point  were  rejected  because  of  their  small  size. 

The  Mare  Island  Naval  Shipyard  is  of  peripheral  interest  because  it  has 
been  operating  its  own  dredging  and  disposal  system  for  a number  of  years. 

A small  dredge,  operating  in  the  Mare  Island  straits,  pumps  directly  across 
the  island  through  permanent  pipelines  to  disposal  area?  on  the  west  side. 
The  Navy  study  (Ref.  13)  estimated  that  if  the  existing  dikes  are  raised 
4 feet  and  strengthened, a total  of  3,500,000  cubic  yards  could  be  accom- 
modated. There  are  marshland  areas  on  the  station  which  could,  if  devel- 
oped, increase  the  total  to  7,000,000  cubic  yards.  This  latter  proposal 
would  undoubtedly  meet  with  strong  criticism  from  BCDC  and  other  agencies. 
Because  of  the  Navy's  requirements  for  disposal  of  its  own  dredge  spoils, 
Mare  Island  was  not  considered  to  be  a viable  site  for  disposal  of  ma- 
terial from  other  sources. 

( 1 ) Hamilton  AFB  South  (Site  No.  6) 

Area:  1150  acres 

Capacity:  18,500,000  cubic  yards  (10-foot  depth  - uncompacted) 

This  site,  south  of  Hamilton  AFB,  is  bounded  by  Gallinas  Creek,  the  air- 
base, the  Northwestern  Pacific  Railroad  and  the  Bay  and  is  protected  by 
dikes.  A portion  of  the  site  includes  Marin  County's  Mclnnis  Park  while 
other  parts  are  used  as  grazing  land. 

ABAG  has  designated  this  area  as  one  of  urban  development  in  their  Re- 
gional Open  Space  Plan,  Phase  II,  while  BCDC's  Bay  Plan  notes  the  possi- 
bility of  a major  park  even  though  the  site  is  out  of  BCDC  jurisdiction. 


* 
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Access  to  the  site  would  most  likely  be  via  pipeline  and  operation  ef- 
fluent could  be  returned  directly  to  the  Bay.  Two  power  transi.  i ssion 
lines  cross  the  site.  Flood  control  measures  may  be  required  for  Gallinas 
Creek.  The  site  is  almost  entirely  below  MHHW . 

The  site  is  adjacent  to  marshland  and  supports  moderate  to  high  wildlife 
use.  The  potential  for  mud  wave  shallowing  of  the  bayward  marsh  and 
Gallinas  Creek  exists.  The  proximity  of  the  site  to  the  bayward  marsh 
increases  the  danger  of  damage  to  the  marsh  by  accidental  discharge  of 
polluted  water  or  spoils  from  the  operation.  The  effect  of  any  poten- 
tial discharge  to  Gallinas  Creek  would  be  a major  topic  of  concern  in 
an  EIS . 

The  site  has  some  archaeological  potential.  The  presence  of  some  nearby 
residences  could  require  adoption  of  operational  controls  considerably 
more  restrictive  than  in  the  case  of  more  rural  sites. 

(2)  Hamilton  AFB  North  (Site  No.  7) 

Area:  3850  acres 

Capacity:  62,000,000  cubic  yards  (10-foot  depth  - uncompacted) 

This  site  is  composed  of  adjacent  areas  on  both  sides  of  Highway  37 
to  the  northeast  of  Highway  101  in  Marin  County.  The  areas  are  presently 
used  for  grazing  and  agriculture.  It  is  also  almost  entirely  below  MHHW. 

Marin  County  does  not  indicate  any  land  use  constraints  on  the  areas  which 
would  affect  filling  except  that  the  area  adjacent  to  the  Bay  at  the  north 
of  Novato  Creek  is  a flood  plain  area.  ABAG  designates  the  area  for  urban 
development  while  BCDC,  which  has  jurisdiction  over  the  shoreline  portion 
only,  shows  a section  of  the  site  as  a potential  lagoon  and  park  area.  It 
should  be  noted  that  this  site  surrounds  the  coummunity  of  Bel  Marin  Keys. 

Access  to  the  site  would  most  likely  be  through  pipeline  with  return  water 
effluent  being  discharged  to  the  Bay  via  Novato  Creek.  Right-of-way 
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would  have  to  be  provided  for  pipelines  jacked  under  Highway  37  or  along 
the  Novato  Creek  Highway  crossing  to  facilitate  operations  in  the  area 
northwest  of  the  highway.  Extensive  flood  control  measures  would  be 
required  on  Novato  Creek  to  prevent  flooding  of  both  the  filled  area  and 
the  adjacent  lands.  Two  power  transmission  lines  traverse  the  site. 

Sites  6 and  7 are  among  the  closest  to  an  active  fault  (approximately  4 
miles  west  of  the  extended  Hayward-Healdsburg-Rodgers  Creek  fault  system), 
and  could  be  subject  to  seismic  activity. 

As  noted  earlier,  the  site  is  primarily  farmland,  with  some  adjacent 
sloughs  and  marsh.  The  area  supports  moderate  to  hiqh  wildlife  use.  Its 
proximity  to  the  San  Pablo  National  Wildlife  Refuqe  is  a source  of  poten- 
tial difficulties  with  regard  to  the  project's  effect  on  wildlife.  There 
appears  to  be  a potential  for  mudwave  shallowinq  of  sloughs,  creeks  and 
the  bayward  marsh.  A possibility  of  archaeological  remains  exists  in  the 
area,  although  few  have  been  found.  The  proximity  of  the  site  to  Novato 
Creek,  the  marshlands  and  the  Bay  increases  the  danqer  in  case  of  acci- 
dental spills,  but  reduces  the  problem  of  material  transport  over  critical 
marshland  and  mudflat  habitat. 

E.  Petaluma  - Sonoma  - Napa  (Plate  VI  - 6)  - The  three  main  watercourses 
of  this  area,  the  Petaluma  River,  Sonoma  Creek,  and  the  Napa  River,  drain 
into  the  northern  end  of  San  Pablo  Bay.  Large  acreages  of  former  marsh- 
land have  been  diked  off  in  the  past  near  the  mouths  of  these  rivers  for 
agricultural  use.  Many  of  these  areas  have  potential  value  for  land  disposal. 

Three  major  potential  areas  were  identified:  Site  No.  8 in  the  Petaluma 

River  drainage  basin.  Site  No.  9 in  the  Sonoma  Creek  drainaqe  and  Site 
No.  10  in  the  Napa  River  drainage.  Other  sites  worthy. of  note  are: 

• Skaggs  Island  - Identified  in  the  Navy  study  (Ref.  13)  as  a prime 
site  for  disposal  of  dredqed  material,  this  site  has  a capacity  of  15,300,000 
cubic  yards  of  unconditioned  fill  or  30,400,000  cubic  yards  of  conditioned  fill. 
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It  appears  to  be  a qood  potential  site  if  agreement  can  be  reached  with 
the  Navy  for  its  joint  use.  Its  use  would  be  subject  to  approval  by  re- 
gulatory aqencies  (Corps  of  Engineers,  BCDC,etc.).  The  BCDC  Bav  Plan 
envisions  its  use  as  a wildlife  area  or  water-oriented  recreational  com- 
plex if  the  Navy  ever  relinquishes  control. 

• Napa  Marshes  - This  area,  located  between  the  Napa  River  and  Napa 
Slough  on  the  north  shore  of  San  Pablo  Bay,  was  orginally  a natural  marsh 
and  delta  formed  by  the  Napa  River.  Today  the  Greater  portion  of  the  area 
consists  of  a series  of  salt  ponds.  It  has  been  deemed  an  excellent  wild- 
life habitat  in  spite  of  its  present  intensive  use  by  the  salt  industry. 

The  Solano  County  Resource  Conservation  and  Open  Space  Plan  states  that, 
pending  the  results  of  an  on-going  study, the  policies  and  recommendations 
applying  to  the  Suisun  Marsh  will  be  applied  to  the  Napa  Marsh.  These 
nolicies  and  recommendations  protect  and  preserve  the  marsh  environment. 
Napa  County's  policy  (Ref.  34)  is  to  "return  salt  extraction  ponds  to 
marshlands  or  other  non-urban  uses  for  recreation,  fisheries  and  wild- 
life habitat  at  the  termination  of  salt  extraction  activity."  The  BCDC 
Bay  Plan  shows  the  marshes  to  be  managed  wetlands,  except  for  the  eastern 
end  of  Island  No.  1,  which  is  unassigned. 

Since  adminstrative  policy  is  stronqly  in  favor  of  keepinq  the  Napa  Marshes 
in  their  present  state  or  returning  them  to  use  as  wildlife  habitat,  thev 
were  not  considered  further  as  potential  disposal  sites. 

(1 ) Petaluma  River  Area  (Site  No . 8) 

Area:  86C0  acres 

Capacity:  139,000,000  cubic  yards  (to  elev.  + 10  - uncompacted) 


I 

* 
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This  site  is  composed  of  three  sub-areas:  (1)  an  area  of  5700  acres 

bounded  on  the  east  by  the  Lakeville  Hiqhway,  on  the  west  by  the  Petaluma 
River,  and  on  the  south  by  San  Pablo  Bay;  (2)  an  area  of  1300  acres  on 
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the  east  side  of  the  Petaluma  River  between  Petaluma  and  Lakeville,  west 
of  Highway  16;  and  (3)  ar  area  of  1600  acres  on  the  west  side  of  the 
Petaluma  River  around  the  Marin  County  Airport.  The  areas  are  protected 
by  dikes  and  used  for  agricultural  or  grazing  purposes.  About  80  percent 
of  the  area  is  below  MHHW. 

Sub-area  (1)  is  probably  one  of  the  most  promisinq  for  land  disposal  in 
the  Bay  area  from  the  standpoints  of  location  and  size,  and  it  was  chosen 
for  detailed  study  in  the  section  on  site  development  and  operation  (Sec- 
tion 6.3) . 

Site  access  could  be  via  either  dredged  channel  or  pipeline  with  opera- 
tions effluent  returned  to  the  Bay  by  the  Petaluma  River.  Portions  of  this 
site  arc  below  MHHW  while  the  remainder  slopes  upward  to  elevation  + 10  in 
the  inland  direction.  Three  transmission  lines  and  a railroad  traverse  the 
site.  There  is  concern  over  flood  control  in  the  site  area  althouah  no 
restrictions  have  yet  been  imposed. 

This  site  is  virtually  all  farmland  at  present  with  minimal  apparent  wild- 
life use  over  most  of  its  extent.  The  potential  for  mudwave  shallowinq  of 
the  Petaluma  River  or  nearby  marshes  may  exist,  although  this  factor  is 
difficult  to  evaluate  without  more  detailed  data.  The  potential  impact  of 
accidental  spill  of  either  dredqed  materials  or  excess  water  into  the  Peta- 
luma River  is  a hazard  which  should  be  evaluated.  Present  data  are  not 
sufficient  to  demonstrate  the  maqnitude  of  the  effect,  if  anv,  that  such 
discharges  would  have. 

There  is  some  potential  for  archaeological  remains,  although  few  have 
been  found  to  date.  Few  other  identifiable  environmental  problems  would 
appear  to  exist  at  this  site  given  presently  available  information,  par- 
ticularly if  adequate  safeguards  are  employed  with  regard  to  control  of 
surface  water  runoff  from  the  site. 

Sub-area  (2),  in  the  same  drainage  area  as  the  first,  is  adjacent  to  the 
Petaluma  marsh  and  is  protected  by  levees  along  the  river.  Material 
would  be  transported  by  pipeline  from  the  San  Pablo  transfer  point  or 
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The  lower  Petaluma  River  site  transfer  basin.  Technical  and  economic 
considerations  are  similar  to  those  of  the  lower  Petaluma  River  site, 
although  costs  would  be  higher  because  of  the  longer  transport  distance. 


[ 


Sonoma  County  has  considered  both  the  upper  and  lower  areas  in  a draft 
flood  plain  zoning  plan.  It  was  proposed  that  the  upper  area  be  zoned 
"F-l"  (Primary  Flood  Plain)  and  the  lower  area  "F-2"  (Secondary  Flood 
Plain).  "F-l"  zones  cannot  be  obstructed  if  the  flood  hazard  will  be 
increased  by  so  doing;  "F-2"  areas  are  subject  to  flooding  but  are  not 
required  to  carry  off  or  store  flood  waters.  These  definitions  would 
tend  to  allow  the  use  of  the  lower  site  for  fill  disposal  but  not  the 
upper.  The  proposed  flood  plain  zoning  has  not  been  adopted  as  of  this 
writing,  however. 

The  upper  Petaluma  site  could  be  subject  to  criticism  as  a disposal  site 
because  of  its  proximity  to  the  Petaluma  Marsh. 

Sub-area  (3),  in  the  Petaluma  River  drainage  area,  adjacent  to  the  Marin 
County  Airport,  is  low  and  flat,  protected  by  levees,  and  traversed  by 
several  small  creeks  and  ditches.  It  has  moderate  to  high  wildlife  use. 
Its  proximity  to  the  San  Pablo  Bay  National  Wildlife  Refuge  is  a factor 
which  will  require  careful  evaluation.  Here  again,  a potential  exists 
for  the  mudwave  shallowing  of  sloughs,  creeks,  and  marshlands.  There  is 
a low  to  moderate  potential  for  archaeological  remains.  The  nearness  of 
the  site  to  US  101  and  the  County  Airport  will  affect  ultimate  land  use, 
and  put  a premium  on  close  coordination  with  those  responsible  for  land- 
use  planning  in  the  area. 

Neither  of  the  counties  in  which  the  site  areas  are  located  (Sonoma  and 
Marin)  appear  to  have  any  regulations  or  policies  which  would  adversely 
affect  filling  of  the  Petaluma  River  sites.  ABAG  has  designated  most  of 
the  area  as  permanent  open  space  with  a small  amount  for  controlled  devel- 
opment. BCDC  exerts  control  over  the  wetlands  along  the  periphery  of  the 
sites  onlv,but  has  noted  the  potential  for  water-related  industry  for  the 
area  to  the  north  of  the  Petaluma  River  mouth. 
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The  eastern  part  of  the  site  is  crossed  by  the  Healdsburg-Rodgers  Creek 
fault.  This  fault  system  appears  to  be  an  extension  of  the  active  Hay- 
ward fault.  Surface  fracturing  has  been  observed  along  the  Hayward  and 
Rogders  Creek  segments  and  field  investigations  along  the  Healdsburg  fault 
have  been  planned  by  the  U.S.  Geological  Survey.  Teutonic  creep  is  known 
to  be  occuring  along  the  Hayward  fault,  but  has  not  been  observed  alonq  the 
Healdsburg-Rodgers  Creek  segment.  This  does  not  necessarily  indicate, 
however,  that  tectonic  stresses  are  low  in  the  area. 

Foundation  conditions  at  Petaluma  site  will  be  discussed  in  greater  detail 
in  Section  6.3. 

(2)  Sonoma  Creek  Area  (Site  No.  9) 

Area:  10,600  acres 

Capacity:  171,000,000  cubic  yards  (10-foot  depth  -uncompacted) 

This  area  includes  Tubbs  Island,  which  is  adjacent  to  the  lower  Petaluma 
River  site,  areas  along  Sonoma  Creek  and  adjacent  sloughs,  and  the  north- 
ern part  of  Skaggs  Island.  About  90  per  cent  of  the  area  is  below  MHHW. 

Tubbs  Island  is  a diked  agricultural  area  comprised  of  2600  acres  and 
is  similar  to  the  lower  Petaluma  River  site.  The  southwest  tip  of  the 
island  is  part  of  the  San  Pablo  Bay  National  Wildlife  Refuqe;  the  rest 
of  the  island  is  low,  flat  and  protected  by  levees  around  its  periphery. 

It  is  used  mainly  for  agriculture  except  for  the  areas  which  are  too  wet 
for  crops.  Technically  and  economically  it  is  a good  prospect  for  a 
disposal  site  because  of  its  proximity  to  the  center  of  gravity  of  dredqinq 
in  the  Bay.  There  are  no  known  restraints  other  than  the  facts  that  it  is 
entirely  below  MHHW  and  near  to  the  wildlife  refuqe.  Access  to  the 
site  would  probably  be  by  pipeline  from  the  Petaluma  River  site  or  directly 
from  the  San  Pablo  transfer  station. 
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The  site  is  composed  primarily  of  farmland  and  older  marsh.  It  is  a 
high  wildlife  use  area,  considered  to  be  of  prime  importance  by  some 
environmentalists.  Land  title  to  the  territory  in  question  is  partly 
in  the  hands  of  some  conservation  groups,  who  may  be  expected  to  oppose 
any  plan  for  dredge  spoil  disposal  at  the  site.  It  is  immediately  ad- 
jacent to  the  San  Pablo  Bay  National  Wildlife  Refuge,  which  may  be  an 
additional  source  of  conflict  with  respect  to  use  of  the  area  for  dredge 
spoil  disposal. 

Potential  exists  for  mudwave  shallowing  of  Tolav  Creek,  numerous  slouqhs, 
and  adjacent  marshlands;  archaeological  potential  of  the  site  is  low  to 
moderate.  The  utility  of  the  site  suffers  from  the  possible  lonq  trans- 
mission distance  across  mudflats  and  marsh;  possible  disturbance  of  the 
bioloqic  communities  may  be  severe  in  the  corridor  along  the  spoil  pipe- 
line route.  The  hazard  to  the  nearby  wildlife  refuge  and  the  mudwave 
shallowinq  of  adjacent  slough  and  marshes  can  be  expected  to  reouire  de- 
tailed attention  in  any  EIS  prepared  for  the  site. 


The  sites  along  Sonoma  Creek  and  adjacent  sloughs  are  potentially  good 
sites  from  technical  standpoints,  except  for  the  fact  that  they  are  broken 
up  by  numerous  waterways  which  would  hinder  development  of  settling  ponds. 

The  Northwestern  Pacific  Railroad  traverses  the  Sonoma  Creek  area  in  a 
north-south  direction.  The  ABAG  Regional  Open  Space  Plan,  Phase  II,  de- 
signates the  sites  as  permanent  open  space;  BCDC  has  no  jurisdiction  of 
the  sites  with  the  exception  of  the  100-foot  shoreline  strip  along  the 
sloughs  and  creeks  traversing  the  area.  Sonoma  County  has  no  available 
plans  covering  the  area  at  this  time. 

Access  to  the  site  would  probably  be  by  pipeline  while  return  water  effluent 
could  be  discharged  through  the  local  waterways.  Flood  control  measures  may 
have  to  be  incorporated  in  site  development  plans.  Perimeter  dikes  would 
have  to  be  established  for  each  separate  operating  area  in  the  site  in  order 
to  preserve  the  local  waterways. 
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The  site  in  the  Sonoma  Creek  drainage  area  supports  moderate  to  hiqh  wild- 
life use,  and  there  would  appear  to  be  potential  for  mudwave  shallowing 
of  adjacent  sloughs.  Archaeological  potential  is  low  to  moderate.  The  aes 
thetic  impact  of  the  landfill  operation,  as  seen  from  the  highway  which 
traverses  the  area,  will  have  to  be  evaluated. 

The  long  transmission  distance  across  mudflats  and  marsh  is  a neqative 
factor  which  will  require  extensive  evaluation.  The  proximity  of  the 
sites  to  sloughs,  Sonoma  Creek  and  the  Napa  River  increases  the  potential 
for  damage  through  accidental  spills. 

The  northern  portion  of  Skaggs  Island  (1000  acres)  is  similar  to  Skaggs 
Island  itself,  being  a diked  agricultural  area.  It  is  similar  to  the 
Petaluma  and  Tubbs  Island  sites  in  many  respects,  but  the  cost  of  devel- 
opment would  be  greater  because  of  lonqer  transport  distances. 

( 3 ) N apa  River  (Site  No,  10) 

Area:  1250  acres 

Capacity:  20,000,000  cubic  yards  (10-foot  depth  - uncompacted) 

Across  the  Napa  River  from  the  Napa  Marshes  is  an  area  between  the  City  of 
Vallejo  and  the  Napa  County  Airport  which  is  low  and  flat;  individual  sec- 
tions of  this  area  are  protected  by  levees.  It  is  entirely  above  MHHW. 

The  land  is  generally  used  for  grazing. 

BCDC  has  no  jurisdiction  over  the  area,  although  it  has  designated  the 
area  between  the  proposed  site  and  the  Napa  River  as  salt  pond  or  managed 
wetland. 

Napa  County  apparently  has  no  restrictions  on  usinq  the  site  for  dredged 
material  filling.  ABAG  designates  urban  development  in  the  area  and,  in 
fact,  a residential  community  is  encroaching  the  site  from  the  east. 
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Site  access  would  be  via  the  Napa  River,  for  shallow  draft  vessels,  or 
bv  pipeline.  County  flood  control  engineers  indicate  there  is  a potential 
for  flooding  at  the  site  which  filling  could  eliminate.  A cower  trans- 
mission line  and  a railroad  traverse  the  site. 

Wildlife  use  is  high;  the  site  is  adjacent  to  the  Napa  River  wildlife 
area.  There  is  a significant  potential  for  mudwave  shallowing  of  ad- 
jacent marshlands  and  sloughs.  Archaeologic  potential  in  the  area  is 
moderate  to  high. 

Its  proximity  to  the  Collins  residential  area  raises  the  importance  of 
aesthetic  questions.  Proximity  to  the  Napa  Ri ver  i ncreases  the  im- 
portance of  preventing  accidental  spills  of  either  spoils  or  unreclaimed 
runoff  water  because  of  DOtential  adverse  effects  on  indiqenous  and  anadro- 
mous  fish. 

F.  Suisun  Bay  - Delta  (Plate  VI  - 7)  - This  area  is  characterized  by  the 
heavily  industrialized  northern  Contra  Costa  County  coastline,  the  Sui- 
sun Marsh, and  the  Delta  islands. 

From  Carquinez  Straits  to  the  Benicia-Martinez  Bridge,  the  topography  on 
both  the  north  and  south  sides  of  the  strait  is  too  rugged  to  provide 
disposal  areas  of  any  importance. 

On  the  south  side  of  Suisun  Bay  and  the  San  Joaquin  River,  the  area  bet- 
ween Martinez  and  the  Delta  is  either  presently  highly  developed  or  zoned 
for  future  industry.  Much  of  the  land  near  the  water  is  marshy  and  unsuit- 
able for  disposal  areas.  There  are  some  undeveloped  flat  areas  in  the 
Martinez-Pittsburg-Antioch  vicinity,  but  because  of  their  relatively  small 
size,  they  were  not  considered  as  good  prospects,  with  the  exception  of  the 
Avon  site  (No.  11 ) . 
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The  Suisun  Marsh  is  recognized  as  being  of  vital  importance  to  wildlife 
and  wildl ife-related  recreation.  To  quote  the  Solano  County  Open  Space 
Plan  (Ref.  16),  the  84,000-acre  Suisun  Marsh  is  "undoubtedly  the  most 
comolicated  and  fragile  natural  environment  within  the  County." 
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Potential  sites  in  orbordering  on  the  Marsh  will  be  subject  to  intensive 
environmental  scrutiny  if  they  are  proposed  for  definite  use  as  land 
disposal  areas. 
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Other  than  the  Avon  site,  two  sites  in  the  Suisun  Bay-Delta  area  are 
considered  to  have  good  potential  as  land  disposal  sites:  Montezuma 

(Site  No.  12)  and  Sherman  Island  (Site  No.  13).  Other  sites  worthy  of 
note  are  as  follows: 

• The  Naval  Weapons  Station  at  Concord  was  identified  in  the  Navy 
study  (Ref.  13)  as  having  a total  capacity  of  5,750,000  cubic  yards. 
Because  a large  part  of  the  proposed  area  is  in  the  tidal  range,  it 
probably  would  be  unacceptable  to  regulatory  agencies. 

• An  area  of  1600  acres  on  Grizzly  Island,  south  of  the  potrero 
Hills,  has  low  potential  as  a disposal  site  because  of  its  location 
adjacent  to  the  State  Game  Management  area  and  proximity  to  marsh  areas. 
It  should  be  noted  that  a proposal  byEnvirosol, Inc.,  to  barge  garbage 

to  a site  in  the  Potrero  Hills  has  recently  been  the  subject  of  criticism 
from  environmentalists  because  of  potential  detrimental  effects  on  the 
Suisun  Marsh. 

Description  of  the  three  sites  in  the  area  with  the  best  potential  for 
use  as  disposal  areas  follow: 

( 1 ) Avon  (Si te  No . 11) 

Area:  400  acres 

Capacity:  6 ,500,000  cubic  yards  (10-foot  depth  - uncompacted) 

The  only  potential  site  along  the  north  Contra  Costa  County  shoreline 
between  Martinez  and  Antioch  larger  than  200  acres  is  'out  one  and  a 
half  miles  east  of  the  intersection  of  1-680  and  Waterfront  Road.  It 
contains  about  400  acres  of  diked  flatland  which  has  potential  as  a 
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disposal  area  for  material  dredged  from  the  ship  channel  in  Suisun  Bay, 
but  would  only  have  a short  life  because  of  its  small  size. 


Dikes  around  the  site  prevent  flooding  and  allow  a small  amount  of  native 
grass  to  flourish.  Jt  is  above  MHHW.  The  site  is  immediately  south  of  the 
Southern  Pacific  main  line  and  is  surrounded  by  industrial  development. 

The  draft  Open  Space  Conservation  Plan  of  Contra  Costa  County  contains 
no  apparent  restraints  on  a dredged  fill  operation  at  the  site.  ABAG 
designated  the  site  as  urban  developed  land,  while  BCDC  shows  it  as  a 
potential  water-related  industrial  site. 

Access  to  the  site  could  be  by  pipeline  which  would  traverse  wetlands 
and  return  effluent  could  be  discharged  into  the  adjacent  Pacheco 
Creek . 

The  site  has  moderate  wildlife  use.  Potential  for  mudwave  shallowing 
of  adjacent  marshland  is  low  but  not  insignificant,  based  solely  on 
superficial  observations  to  date.  Archaeological  potential  is  low.  The 
site  is  adjacent  to  a road  and  some  nearby  residential  areas  could  be 
affected.  The  transmission  of  spoils  over  a long  distance  through  mud- 
flat  and  marshland  would  be  required  and  is  a potentially  negative 
feature  of  the  site. 

( 2 ) Montezuma  (Site  No.  12) 

Area : 3000  acres 

Capacity:  44,000,000  cubic  yards  (to  elev.  + io  - uncompacted) 

m 

\ 

One  of  the  better  sites  from  many  aspects  including  size,  location  near 
a deep  water  channel,  flat  topography,  etc.,  is  the  Montezuma  site.  It  is 
a diked  agricultural  area  west  of  the  town  of  Collinsville,  bounded  on  the 

* east  by  the  50-foot  contour  line  and  on  the  west  by  Montezuma  Slough,  which 
is  adjacent  to  Suisun  Marsh.  About  80  percent  is  below  MHHW. 
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Solano  County  has  designated  a portion  of  this  site  as  agricultural,  grazing 
and  watershed  land,  with  the  remainder  as  industrial,  in  the  County's  Re- 
source, Conservation  and  Open  Space  Plan.  This  plan  notes  the  importance 
of  this  area  as  one  of  the  few  remaining  areas  along  the  river  where  water- 
related  industry  can  be  located.  The  State  Department  of  Fish  and  Game 
has  proposed  a buffer  zone  around  the  Suisun  Marsh,  which  includes  the 
site.  ABAG  designates  the  site  as  urban  developed  or  controlled  open 
space  land,  while  BCDC's  Bay  Plan  shows  the  site  potentially  available 
to  water-related  industry.  The  joint  owners  of  this  property  are  the 
Southern  Pacific  Railway  Company  and  the  National  Steel  Corporation. 


Site  access  could  be  by  a direct  water  route  or  a pipeline;  effluent 
water  could  be  returned  via  Montezuma  Slough  or  the  Sacramento  River. 
Crossing  the  site  is  an  abandoned  railroad  line  which  may  be  reactivated 
should  the  site  be  developed  industrially.  The  site  slopes  gently  upward 
toward  the  Montezuma  Hills  from  the  dike  which  separates  it  from  the 
Montezuma  Slough. 

The  site  has  moderate  to  high  wildlife  use.  It  is  adjacent  to  the  Sui- 
sun game  mangement  area  and  to  several  waterfowl  clubs.  There  is  the 
potential  for  mudwave  shallowing  of  the  adjacent  slough.  Archaeologic 
potential  is  moderate.  Effluent  discharges  to  the  slough  and  marsh  areas 
nearby  may  produce  negative  environmental  effects  which  would  figure 
importantly  in  an  EIS. 


( 3 ) Sherman  Island  (Site  No.  13) 

Area:  10,000  acres 

Capacity:  317,000,000  cubic  yards  (to 


elev.  +10  - uncompacted) 


The  Delta  Islands  are  prime  sites  for  disposal  of  dredged  material  be- 
cause of  their  size  and  proximity  to  water  transport.  Undesirable 
features  are  the  great  distances  from  dredged  sites  and  possible  founda- 
tion problems. 


6 - 39 


As  a representative  Delta  Island,  Sherman  Island,  the  closest  to  the 
dredging  sites,  was  chosen  for  analysis.  Other  adjacent  islands,  such 
as  Jersey,  Bethel,  Bradford,  Webb,  Twitchell,  and  Brannan,  would  be  very 
similar  but  would  require  longer  transport  for  the  dredged  material. 
Sherman  Island  is  shown  on  Plate  VI-11  and  its  development  is  described 
in  Section  6.3. 

The  soil  of  the  Delta  Islands  is  sediment  and  peat,  and  it  is  productive 
agricultural  land.  Problems  associated  with  adding  the  weight  of  the 
dredged  material  and  building  dikes  on  the  islands  are  covered  in  Section 
6.3. 


BCDC  and  ABAG  have  no  jurisdiction  in  the  area.  The  Sacramento  County 
Comprehensive  Zoning  Plan  classifies  Sherman  Island  as  AG-20  and  AG-80 
(agricultural).  There  do  not  appear  to  be  any  administrative  constraints 
to  the  use  of  the  island  for  disposal  of  dredged  fill. 

As  will  be  noted  in  Section  6.3,  Sherman  Island  is  covered  with  utilities  of 
many  types.  Three  high  voltage  power  lines  cross  the  island,  as  well  as  major 
gas  transmission  lines.  The  island  is  also  dotted  with  gas  wells.  High- 
way 160, which  crosses  the  island  in  a north-south  direction,  is  scheduled 
to  be  improved  soon. 

Access  to  the  site  could  be  by  hopper  dredge  or  bottom  dump  scow  to  a re- 
handling basin  on  the  south  side  of  the  island,  by  direct  pumpout  of  scows, 
by  hopper  dredges  moored  in  the  channel  adjacent  to  the  island  or  by  pipe- 
line. 

in  addition  to  their  high  values  from  an  agricultural  viewpoint,  the  Delta 
Islands  are  a habitat  for  many  forms  of  wildlife  and  are  used  extensively 
by  hunters.  The  adjacent  sloughs  and  rivers  form  an  important  fishery  re- 
source, and  fishing,  as  well  as  other  water-related  activity,  is  an  im- 
portant attraction.  The  southwestern  boundary  of  the  site  is  adjacent 
to  the  State  Game  Management  Area,  and  consequently  the  effect  of  the  pro- 
ject on  wildlife  values  in  the  areas  will  have  to  be  carefully  evaluated  in 
any  EIS.  The  archaeologic  potential  of  the  site  is  low.  Control  of 
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project  water  discharges  to  the  adjacent  river  sytem  will  require  care- 
ful study  because  of  the  adjacent  wildlife  areas  and  the  importance  of 
the  fisheries  resources  of  the  Delta  area. 

The  addition  of  the  dredge  spoil  would  reduce  the  danger  of  flooding  by 
a simple  increase  in  average  elevation,  since  the  island  is  presently 
entirely  below  MHHW . Deposition  of  the  spoils  would  also  probably  result 
in  a reduced  rate  of  oxidation  of  peat  deposits,  with  a consequent  reduction 
in  the  rate  of  land  subsidence. 

Aesthetic  considerations  are  primarily  restricted  to  the  visual  impact 
of  the  operation  on  traffic  along  Route  160.  The  recreational  potential 
of  the  Delta  area  is  great  and  in  any  EIS  it  will  be  necessary  to  include 
a detailed  consideration  of  the  effect  of  the  project  on  recreational 
values . 

G.  Fairfield  - Dixon  (Plate  VI  - 8)  - In  this  area,  the  predominant 
feature  is  the  rolling  or  flat  agricultural  land  stretching  from  the  hills 
west  of  Vacaville  to  the  Yolo  Bypass.  There  are  many  sites  in  this  vici- 
nity encompassing  thousands  of  acres  which  would  be  suitable  for  land  dis- 
posal. The  farmland  near  Dixon  and  Davis  is,  however,  more  productive 
and  thus  more  expensive,  and  the  cost  of  development  increases  proportion- 
ately with  the  distance  from  the  dredging  sites. 

One  large  site  east  of  the  Travis  Air  Force  Base  (Site  No.  15)  was  chosen 
as  being  representative  of  the  area.  Development  costs  for  sites  farther 
north  and  east  would  be  similar  but  would  be  increased  in  proportion  to 
their  distances  from  the  dredging  sites. 

One  other  site,  No.  14,  near  the  town  of  Thomasson,  between  Cordelia  and 
Suisun  City,  was  chosen  for  study. 

( 1 ) Thomasson  (Si te  No.  _1 4_)_ 

Area:  4300  acres 

Capacity:  69,000,000  cubic  yards  (10-foot  depth  - uncompacted) 


6 - 41 


This  site  is  located  at  the  extreme  northwest  edge  of  the  Suisun  Marsh 
and  west  of  the  Potrero  Hills;  it  is  presently  used  as  grazing  and 
agricultural  land.  It  is  above  MHHW. 

Solano  County,  in  its  Resource,  Conservation  and  Open  Space  Plan  shows  the 
land  to  be  of  agricultural  value  but  apparently  imposes  no  other  condi- 
tions on  land  use.  The  State  Department  of  Fish  and  Game  has  proposed 
to  include  this  site  in  an  upland  protection  zone  protecting  the  Suisun 
Marsh.  ABAG  has  designated  the  site  as  controlled  open  space  land. 

BCDC  has  no  jurisdiction  over  the  site. 

Access  to  the  site  would  have  to  be  by  pipeline  paralleling  Highway  21 
since  a pipeline  traversing  the  marsh  would  probably  be  environmentally 
unacceptable.  Operational  effluent  could  be  returned  to  the  Bay  via 
local  waterways  which  also  traverse  the  marsh. 

The  site  has  moderate  wildlife  use,  and,  as  noted  before,  is  adjacent  to 
the  Suisun  Marsh.  There  is  a significant  potential  for  archaeologic 
remains.  Potential  for  mudwave  shallowing  of  adjacent  marshlands  is 
moderate.  The  proximity  to  valuable  marshlands  increases  the  potential 
negative  consequences  of  accidental  spillage  of  spoils  or  unprocessed 
runoff  water. 

(2)  Travi_s  AFB  .(Site  No.  15) 

Area:  8000  acres 

Capacity:  129,000,000  cubic  yards  (10-foot  depth  - uncompacted) 

This  site  is  located  on  flat  undeveloped  hinterland  immediately  east  of 
Travis  Air  Force  Base.  The  site  is  typical  of  the  area,  which  contains 
many  potential  sites.  It  is  presently  used  for  grazing  and  agricultural 
purposes. 

The  Solano  County  Resource,  Conservation  and  Open  Space  Plan  shows  some 
agricultural  and  natural  gas  production  potential  but  otherwise  lists  no 
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use  constraints  for  the  site.  The  ABAG  Phase  II  Regional  Open  Space 
Plan  designates  the  site  as  controlled  open  space.  The  site  is  not 
within  BCDC  jurisdiction. 

Although  the  area  is  above  the  tidal  range,  it  is  generally  quite  low  and 
subject  to  flooding.  Most  of  the  property  drains  toward  the  east  to  the 
Sacramento  River  via  Lindsey  Slough. 

Two  main  high-tension  power  lines  traverse  the  area  between  Travis  AFB 
and  Dozier, and  a number  of  gas  wells  are  located  along  the  road  east  of 
Creed.  An  old  railroad  right-of-way  traverses  the  area  in  a Northeast- 
Southwest  direction. 

Access  to  the  site  would  have  to  be  by  pipeline,  probably  following  the 
old  railroad  alignment  from  the  Montezuma  area.  It  is  possible  that  the 
long  distance  pipeline  transport  mode  could  take  advantage  of  a thickened 
slurry  for  economical  pumping  with  a minimum  of  dewatering  required  thereby 
obviating  problems  of  downstream  contamination  by  run-off  water.  If  not, 
however,  it  would  be  necessary  to  assess  carefully  the  impact  of  injecting 
saline  and  possibly  contaminated  water  at  a point  this  high  in  the  Sacramento 
delta.  Salinities  in  this  region  are  significantly  lower  than  at  other  points 
lower  in  the  delta,  and  the  biological  effects  of  a saline  discharge  could 
be  considerable . 

On  the  whole, the  anticipated  biologic  effects  of  disposal  at  this  site  are 
expected  to  be  moderate,  particularly  if  discharge  to  the  nearby  slough  is 
not  required  on  a routine  basis. 

The  proposed  site  has  low  to  moderate  wildlife  use.  There  is  some  potential 
for  archaeologic  remains,  although  little  direct  evidence  for  them  is  avail- 
able. The  site  includes  areas  which  are  potential  sources  for  aggregate, 
which  may  have  coimierical  value  as  a construction  material.  The  effect  of 
the  operation  on  the  possible  economic  recovery  of  this  material  should  be 
investigated. 


6.3 


SITE  DEVELOPMENT  AND  OPERATION 


6.3.1  General  - Before  a land  disposal  site  can  be  used  for  containment 
of  dredged spoi  Is , several  preparatory  activities  must  be  accomplished. 

First,  the  site  must  be  thoroughly  studied  by  field  reconnaissance,  a re- 
view of  available  literature  should  be  made,  and  in  many  cases  a samplina 
and  testing  program  of  the  surface  and  foundation  soils  should  be  conducted. 
As  a result  of  this  study  program,  factors  which  might  affect  the  use  of  the 
site  for  disposal  will  be  better  known,  such  as  the  probability  and  estimated 
magnitude  of  settlements,  possible  failures  of  existing  levees,  weaknesses  of 
surface  soils  which  would  preclude  use  of  heavy  equipment,  etc.  After  this 
initial  work,  if  there  are  no  insurmountable  problems  evident,  work  may 
begin  on  site  leveling,  if  required,  other  site  preparation  work,  and  dike 
construction.  Provision  must  be  made,  of  course,  to  protect  or  relocate 
existing  utilities  and  facilities  and  to  accommodate  surface  drainage  which 
may  be  interrupted  by  the  construction  and  operation  of  settling  ponds. 
Distribution  and  drainage  systems  for  operation  of  the  ponds  can  be  con- 
structed concurrently  with  the  dikes,  and  the  site  operated  in  accordance 
with  predetermined  criteria. 

The  following  paragraphs  outline  development  and  operation  processes  for 
land  disposal  sites.  General  comments  are  offered  on  the  evaluation  of 
existing  site  conditions  and  on  site  preparation.  Because  of  its  importance 
in  the  Bay  area,  a separate  section  is  included  on  foundation  settlements. 
Another  section  contains  dike  design  and  construction  considerations.  Separ- 
ation of  the  solids  in  a delivered  slurry  from  the  transporting  waters  is 
critical  to  the  operation  of  a land  disposal  site;  a section  is  included 
on  separation  by  sedimentation  and  evaporation  and  examples  are  giver  of 
the  design  of  primary  and  secondary  ponds.  A discussion  follows  on  the 
placement  of  "processed"  slurry,  and  a section  is  included  in  which  repre- 
sentative sites  are  hypothetically  developed  and  costs  thereof  are  deter- 
mined. Finally,  the  subjects  of  enhancement  and  future  use  of  disposal 
sites  are  discussed. 
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6.3.2  Evaluation  of  Existing  Conditions  - The  following  paragraphs  des- 
scribe  site  conditions  at  three  potential  sites  which  are  among  the  most 
promising  of  those  identified,  namely,  Petaluma,  Sherman/Jersey  Islands, 
and  Montezuma. 

• Petaluma  - This  site  ( the  most  southerly  of  the  sub-areas  of 
Site  Mo.  8,  identified  in  Section  6.2)  consists  mostly  of  former  marsh- 
lands which  are  presently  used  for  farming  and  grazing.  State  Highway  37 
crosses  the  southern  portion  of  the  property  and  a single  line  track  of 
the  Northwestern  Pacific  Railway  parallels  the  highway  on  the  south.  Occas- 
sional dirt  roads,  most  of  which  are  private,  traverse  the  site.  A dredging 
company  is  located  on  the  southernmost  tip  of  the  property  near  the  Peta- 
luma River  Highway  bridge. 

The  surface  soils  are  desiccated  and  provide  a relatively  firm  surface  con- 
sisting primarily  of  silt  and  clay.  The  fertile  zone  is  the  old  crest  of 
the  elevated  parts  of  the  bay  mud  and,  according  to  a few  test  borings,  it 
is  approximately  5 to  6 feet  in  thickness.  This  overlies  a soft,  saturated 
gray  clay,  characteristic  of  the  bay  mud  deposits  which,  as  will  be  noted  later, 
are  very  deep.  Soil  shear  strengths  vary  from  over  1500  pounds  per  square 
foot  (psf)  to  300  to  400  psf  at  a depth  of  6 feet.  The  stiff  soils  under- 
lying the  bay  mud  consist  of  sands  and  gravels  of  moderate  to  high  shear 
strengths. 

The  main  levee  along  the  margin  of  the  property  consists  of  dredged  mud  which 
appears  to  be  relatively  uncompacted;  it  varies  in  height  from  5 to  15  feet. 

Most  of  the  levees  appear  to  be  in  satisfactory  condition  with  irregular 
side  slopes.  At  one  or  two  locations,  there  are  indications  of  some  recent 
breaks,  allowing  small  amounts  of  water  into  the  site  area.  In  these  areas 
the  older  levees  are  overgrown  with  vegetation  and  have  side  slopes  as  steep 
as  one  horizontal  to  one  vertical.  Sloughing  and  erosion  possibly  created  the 
steepened  portions. 

The  elevation  of  most  exterior  levees  ranges  from  7 and  10  feet  above  sea 
level.  Some  parts  of  the  interior  levee  system  along  the  northernmost  part 
of  the  property  are  as  low  as  2 feet  above  sea  level.  The  old  levees  were 
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probably  built  by  a drag  line  bucket  excavating  materials  from  the  site. 

Ponded  water  is  present  in  many  locations;  field  observations  made  during  the 
winter  season  indicate  this  is  a common  condition.  Most  of  the  original  sloughs 
present  on  the  marshland  are  no  longer  in  existence,  having  been  fill ec 
50  years  or  more  ago  during  initial  farming  operations.  Some  drainage 
patterns  and  other  indications  of  original  sloughs  are  still  present  in  the 
northernmost  portion  of  the  site.  These  are  used  for  drainage  canals  with 
outlets  along  the  Petaluma  River  through  culverts  placed  underneath  the 
exterior  levees. 

Most  farming  on  the  site  is  performed  with  lightweight  bulldozers  and  cul- 
tivation equipment.  The  most  common  type  of  tractor  used  in  the  area  is  a 
Caterpillar  D4  or  equivalent  size,  generally  with  no  blade  or  other  attach- 
ments. A.  drag  line  was  observed  to  be  working  northeast  of  the  dredging 
company  yard.  Indications  are  that  track-mounted  equipment  has  little  or 
no  trouble  working  on  the  surface  of  the  farmlands  during  wet  or  dry  seasons. 

It  is  anticipated  that  the  surface  crust  would  be  strong  enough  to  support  a 
D6C  Caterpillar  tractor  or  equivalent.  When  the  surface  of  the  desiccated  mud 
is  wet,  it  becomes  slippery  but  is  still  passable  with  a track  - type  vehicle. 

The  desiccated  crust  of  bay  mud  exhibits  only  low  compressibility.  However, 
the  non-desiccated  muds  below  are  moderately  to  highly  compressible  and,  as 
will  be  noted  later,  moderately  high  settlements  can  be  expected  under  the 
weight  of  the  dredged  spoil,  depending  on  its  thickness  and  unit  weight. 

• Sherman/Jerse.y  Islands  - Most  of  Sherman  Island  (Site  No.  13)  is 
under  cultivation.  State  Highway  160  traverses  the  island  from  northeast 
to  southwest  and  connects  with  the  Antioch  Bridge.  Pacific  Gas  & Electric 
Company  transmission  lines  cross  the  island  as  do  occasional  dirt  roads. 

Most  of  the  dirt  roads  are  inaccessible  in  the  wet  season  due  to  the  pres- 
ence of  surface  water  and  poor  road  surface  conditions.  There  is  a paved 
road  along  most  of  the  perimeter  levee. 

j Numerous  canals  have  been  excavated  to  provide  drainage  of  the  low-lying 

areas.  Most  canals  are  emptied  into  the  delta  area  over  the  levees  by  use 
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of  either  siphons  or  pumps.  The  large  existing  slough  (Mayberry)  or  the 
west  portion  of  the  property  no  longer  connects  with  the  Sacramento  River 
due  to  construction  of  an  earth  fill  dam.  In  general , the  surface  conditions 
at  Jersey  Island  are  similar  to  the  adjacent  Sherman  Island.  Most  of  the 
island  is  under  cultivation,  but  farming  is  not  as  extensive  as  on  Sherman 
Island.  The  island  contains  numerous  areas  of  subdivided  land  and  canals, 
indicating  that  a considerable  effort  has  been  made  at  farming  the  reclaim- 
ed island.  Jersey  Island  is  surrounded  by  a levee,  which  is  assumed  to  be 
in  fair  condition,  since  no  obvious  breaks  or  flooded  areas  are  noticeable. 
The  southern  portion  of  the  island  appears  to  be  higher  than  the  remaining 
portions,  which  are  as  low  as  10  feet  below  sea  level.  The  areas  of  higher 
ground,  according  to  published  geological  maps,  consist  of  sand  dunes  which 
increase  in  areal  extent  to  the  south. 

Both  Sherman  and  Jersey  Islands  are  typical  of  many  reclaimed  areas  in  the 
delta  in  that  much  of  the  property  is  below  sea  level.  In  qeneral , the 
lowest  interior  elevation  is  about  10  feet  below  sea  level,  although  the 
southern  portion  of  Jersey  Island  is  approximately  10  to  20  feet  above  sea 
level.  The  elevation  of  the  levees  varies  from  10  to  18  feet  above  sea 
level . 

Although  the  date  of  reclamation  is  unknown,  it  appears  that  the  highlands 
were  originally  low-lying  marshlands  typical  of  the  delta  islands,  which 
consist  of  slightly  submerged  or  elevated  bay  lands  containing  considerable 
surface  vegetation  and  occasionally  sand  dune  deposits,  particularly  toward 
the  south. 

The  surface  of  Sherman  Island  has  been  desiccated  due  to  dewatering  and 
farming.  The  crust  of  the  soils  varies  from  2 to  5 feet  in  thickness. 

Soil  conditions  are  rather  heterogeneous,  varying  from  pure  peat  areas  to 
areas  of  silts  and  sands.  Most  of  the  peaty  soils  are  in  various  states 
of  decomposition  and  are  interspersed  with  quantities  of  sand  and  silt. 
Beneath  the  peaty  soils,  there  is  usually  found  a layer  of  silt  or  clay  a 
few  feet  to  several  feet  thick  which  is  in  turn  underlain  by  dense  sands. 
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The  soil  strengths  at  the  surface  vary  widely.  In  highly  desiccated  areas 
or  areas  with  high  silt  or  sand  contents,  the  shear  strengths  are  about  700 
to  1000  psf.  In  areas  where  there  is  less  desiccation,  more  decomposition, 
and  less  sand  or  silt,  the  shear  strengths  can  be  as  low  as  200  to  500  psf. 
When  the  soils  are  saturated,  the  strength  will  be  even  less. 

The  California  Division  of  Highways  found  that  the  shear  strengths  of  sub- 
surface soils  on  Sherman  Island  decreased  to  as  low  as  about  80  to  100  psf 
at  a depth  of  7 to  9 feet  and  then  increased  below  that  depth  at  a rate  of 
about  10  psf  per  foot  of  depth  to  the  bottom  of  the  peat  layer.  Shear 
strengths  in  the  silt  and  clay  layer  varied  considerably  but  were  usually 
higher  than  the  shear  strengths  in  the  peat  layer  immediately  adjacent. 

Shear  stregths  in  the  sands  were  moderate,  with  friction  angles  of  25  to 
28  degrees  and  a cohesion  of  300  to  500  psf. 

The  water  level  on  the  island  is  maintained  at  or  below  ground  level  by 
networks  of  irrigation  and  drainage  ditches.  The  head  of  the  water  in  the 
sand  is  higher  than  that  in  the  peat  which  causes  water  to  seep  upward  stead- 
ily through  the  peat  which  in  turn  requires  pumping  over  the  levee  to  keep  the 
water  level  below  the  island  floor.  Because  of  the  pumping,  the  water  level 
is  usually  at  the  surface  or  only  a few  feet  below.  Water  also  seeps  through 
the  levees,  especially  in  sections  where  they  are  built  of  sand  or  sandy 
materials. 

Due  to  active  farming,  many  farm  vehicles  are  present  on  the  island.  The 
most  common  farm  tractor  is  a Caterpillar  D4  or  equivalent  size.  Specially- 
designed  double  rubber^tired  tractors  were  observed  hauling  cultivation 
equipment,  particularly  through  the  moist  and  wet  fields.  Other  types  of 
equipment  observed  were  light-duty  scrapers  and  miscellaneous  farming  equip- 
ment. At  the  present  time,  most  areas  of  Sherman  Island  will  support  light 
tractors  and  scrapers;  however,  it  has  been  found  that  repeated  traffic  on 
the  surface  of  the  peaty  subsoil  will  cause  its  strength  to  rapidly  deter- 
iorate. This  would  be  especially  true  in  areas  where  the  strength  is  init- 
ially low  and  when  the  soil  is  saturated,  such  as  it  will  be  when  a slurry 
fill  has  been  placed  on  it. 
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• Montezuma  - Montezuma  disposal  site,  identified  as  Site  No.  12  in 
Section  6.2,  is  generally  level  and  increases  slightly  in  elevation  toward 
the  east.  Construction  of  an  exterior  levee  adjacent  to  Montezuma  Slough 
reclaimed  the  site  area  from  marshland.  At  the  present  time  only  a small 
amount  of  the  site,  principally  in  the  south  portion  of  the  area,  is  used 
for  farming  with  the  remaining  portions  being  used  for  cattle  and  sheep 
grazing. 

The  exterior  levee  adjacent  to  Montezuma  Slough  is  in  moderately  good  con- 
dition. Most  of  the  levee  appears  to  consist  of  dredged  material  dumped 
on  the  site  during  levee  construction  without  the  use  of  compaction  or 
slope  grading  equipment.  Most  of  the  levee  is  overgrown  at  the  present 
time  and  slopes  appear  to  be  ragged  and  irregular.  Smaller  interior  levees 
are  present  in  the  north  half  of  the  property.  Man-made  drainage  canals  are 
present  throughout  the  property;  there  is  no  apparent  evidence  of  ancient 
sloughs  which  may  have  existed  prior  to  reclamation.  Maximum  elevation  on 
the  exterior  levee  is  about  8 feet  below  sea  level,  with  the  average  approx- 
imately 2 to  3 feet  below  sea  level.  Most  canals  are  drained  into  the  slough 
by  siphons  or  pumps. 

The  numerous  canals  which  have  been  cut  across  most  of  the  northern  half  of 
the  property  appear  to  be  shallow  and  ineffective  for  draining  the  large 
amounts  of  standing  water.  Accessibility  to  the  site  is  poor.  The  exist- 
ing dirt  roads  are  partially  submerged  and  access  by  wheeled  vehicles  is 
limited  to  dry  periods  and  periods  of  low  water  level.  No  equipment  was 
observed  to  be  working  on  the  site  during  the  reconnaissance. 

There  is  no  indication  of  the  presence  of  ancient  sloughs  which  may  have 
existed  in  the  original  marshland.  Most  of  the  area  has  been  regraded  for 
farming  and  old  sloughs  have  been  filled. 

The  surface  soils  consist  of  peaty  clays  and  silts  which  are  generally  soft 
and  saturated.  In  the  areas  to  the  north  where  little  or  ro  cultivation  is 
apparent,  the  surface  is  covered  with  water  and  natural  marshland  vegetation 
is  present. 
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The  subsurface  soils  are  si  mi  lar  to  those  on  Sherman  Island,  consisting  of 
peat,  silts  and  sands.  Shear  strengths  and  compressibility  of  the  materials 
are  essentially  the  same  as  those  of  the  Sherman  Island  site.  It  appears  :.h  r 
- the  Montezuma  disposal  site  would  require  extensive  preparation  prior  to 

any  disposal  operations.  The  southern  part  of  the  site  consists  of  generally 
soft  and  saturated  soils  and  the  northern  part  is  actually  underlain  by  water 
with  marshland  deposits.  It  would  appear  that  only  very  light  farm  tractorr 
would  be  able  to  traverse  the  southern  portion  of  the  site  durirq  drier  per- 
iods. It  is  doubtful  whether  light  tractors  could  be  used  extensively  or.  the 
northern  portion  of  the  site  until  a layer  of  fill  had  been  placed. 

6.3.3  Site  Preparation  - Site  preparation  involves  site  leveling  and  other 
work  required  preparatory  to  fill  placement.  In  the  following  paragraphs, 
general  considerations  pertinent  to  site  preparation  are  discussed.  As  an 
illustration,  the  estimated  required  site  preparation  work  at  the  three  site 
evaluated  in  the  previous  section  is  outlined. 

Site  leveling  to  assure  uniformity  of  slurry  thickness  may  require  the  fill- 
ing of  existing  sloughs  and  drainage  canals  within  the  disposal  area  it  it 
is  determined  that  these  existing  channels  will  not  be  used  for  drainage  pur- 
poses. It  is  desirable  to  fill  in  the  canals  to  provide  ar,  even  thickness 
of  slurry  fill  end  an  even  surface  for  the  equipment  to  work  on.  This  w'l' 
also  help  to  prevent  differential  settlement  which  may  be  important  in  terms 
of  ultimate  site  use. 

Additional  site  leveling  can  be  accomplished  by  adding  fill  material  in  the 
low  spots  or,  less  desirably,  cutting  the  high  spots.  Cutting  existing  i a- 
terial  could  disturb  and  weaken  the  existing  surface  materials. 

J 

I 

It  is  essential  to  have  surface  materials  that  provide  a good  crust  as  a work- 
ing pad  for  the  equipment  during  initial  development  of  the  slurry  pond.  If 
the  crust  is  of  insufficient  strength  or  wearability,  the  equipment  will  sink 
through  to  the  softer  underlyinq  soils,  causina  reduced  mobility.  The  cop* 

tence  of  this  crust  helps  determine  what  type  and  size  of  conventional  and 

i? 

special  processing  equipment  can  be  used. 


An  existing  weak  surface  crust  can  be  improved  by  importing  fill  material  and 
compacting  it  to  form  a good  working  surface.  The  imported  fill  could  be 
dredged  spoils  that  have  already  undergone  processing. 


• Petaluma  Site  - In  order  to  prepare  this  site  for  acceptance  of 
slurry  fill,  relatively  little  work  will  be  required.  The  site  is  already 
fairly  level,  but  site  preparation  should  include  leveling  the  pond  areas  to 
allow  a fairly  uniform  thickness  of  slurry  fill.  Leveling  should  be  done  in 
such  a way  as  to  minimize  disturbance  of  the  existinq  crust.  This  can  be  done 
by  filling  the  low  areas  with  imported  fill  or  processed  slurry  from  other 
areas.  If  the  fill  is  not  to  be  processed,  then  the  leveling  is  not  so 
important,  unless  differential  settlement  will  affect  ultimate  site  use. 

Stripping  of  vegetation  will  not  be  required  as  long  as  the  pond  areas  con- 
tain small  grasses.  If  large  bushes  or  areas  of  heavy  vegetation  are  pres- 
sent,  they  should  be  removed,  with  care  being  taken  to  minimize  the  disturb- 
ance of  the  surface  crust.  The  existing  surface  crust  is  estimated  to  be  five 
to  six  feet  thick,  which  should  provide  an  adequate  working  surface.  When 
final  pond  locations  are  chosen,  they  should  be  inspected  for  localized  soft 
or  weak  spots  and  upgraded  as  required. 

The  exterior  dikes  in  the  southern  portion  of  the  site  will  need  to  be  re- 
paired. A stability  analysis  will  be  required  to  determine  the  dike  con- 
figuration. Repair  work  should  be  made  with  impervious  soils  that  can  be 
either  processed  slurry  or  imported  fill.  These  soils  should  be  compacted 
to  85  percent  relative  compaction  with  track- laying  equipment. 

• Sherman/Jersey  Islands  - Site  preparation  for  these  islands  will 
be  about  the  same  because  of  the  similarity  of  the  conditions  on  the  two  is- 
lands. Both  islands  in  general  are  level,  except  Jersey  Island  has  some  high 
sand  dunes  in  the  southern  portion.  Leveling  will  be  required  at  both  sites. 
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In  selecting  a source  of  material  for  leveling  or  crust  enhancement,  the  sands 
of  these  islands  should  be  avoided.  Studies  have  indicated  that  a saturated 
sand  blanket  placed  under  slurry  fill  has  not  been  satisfactory  as  a working 
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pad.  Tracked  equipment  has  a tendency  to  mix  the  sand  in  with  the  slurry, 
thereby  deteriorating  the  working  pad. 

The  stripping  of  surface  vegetation  will  not  be  required  in  areas  of  marsh 
* grasses  or  low  plants.  However,  any  larger  vegetation  should  be  removed. 

The  existing  crust  on  both  islands  appears  to  be  fairly  competent  in  areas 
of  cultivation  due  to  the  desiccated  surface  soils.  In  areas  where  no  cul- 
tivation has  taken  place,  existing  surface  soils  generally  are  weaker.  The 
peaty  soils  are  easily  deteriorated  by  equipment,  especially  when  in  a sat- 
urated state. 

To  upgrade  the  existing  surface  crust,  it  may  be  necessary  to  rework  the  surface 
soils  by  drying  them  to  near  optimum  moisture  content  and  compacting 
them.  However,  the  underlying  soft  soils  may  not  be  able  to  support  working 
equipment.  An  alternative  would  be  to  place  and  compact  imported  fill  over 
the  soft  surface  to  form  a stiff  working  surface.  This  material  could  be 
processed  slurry  from  other  sections  of  the  property  or  from  adjacent  dispos- 
al sites.  Compacted  fill  roads  should  be  constructed  in  areas  of  high  traffic. 

The  conditions  of  the  exterior  dikes  on  Jersey  Island  are  unknown  but  are  ex- 
pected to  be  similar  to  those  of  Sherman  Island,  which  are  generally  good. 
Repairs  on  these  levees  will  be  required  in  localized  areas  of  erosion.  Where 
the  side  slopes  are  very  steep,  stability  analysis  will  determine  if  upgrading 
will  be  required.  The  criteria  for  repair  should  be  the  same  as  those  for  the 
Petaluma  Creek  site. 

$ Montezuma  Site  - Special  site  preparation  will  be  required  for 
most  of  this  site  due  to  the  soft  saturated  surface  soils.  These  soils, 
consisting  mainly  of  peaty  materials,  will  have  to  be  handled  in  the  same 
manner  as  discussed  in  the  section  covering  Sherman  and  Jersey  Islands. 

The  exterior  levees  appear  to  be  in  moderately  good  condition  and  required 
repairs  would  be  limited  to  localized  erosion  zones,  unless  stability  an- 
alysis shows  the  levee  side  slopes  to  be  too  steep.  Repairs  should  be  in 
accordance  with  the  criteria  discussed  for  the  Petaluma  Creek  site. 
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6.3.4  Settlement  - Most  of  the  area  adjacent  to  the  San  Francisco  Bay  is  I 

underlain  by  varying  thicknesses  of  the  ubiquitous  "bay  mud."  In  the  Delta 
region,  another  prevalent  foundation  problem  is  that  of  thick  peat  layers 
which  underlie  the  surface  soils.  Since  most  of  the  potential  sites  studied 
have  foundations  of  either  bay  mud  or  peat,  it  can  be  expected  that  there  will 
be  settlements  of  varying  amounts  at  most  sites  due  to  the  deposition  of  the 
dredged  fill.  An  estimate  of  anticipated  settlement  is  essential  for  proper 
design . 

The  settlement  estimates  in  the  following  paragraphs  are  based  on  the  assump- 
tion that  consolidation  only  will  occur  and  that  there  will  be  no  subsidence 
due  to  lateral  displacement  of  the  mud.  If  filling  rates  do  not  exceed  3 feet 
per  year  and  no  lifts  greater  than  about  one  foot  are  placed  during  one  oper- 
ation, there  should  be  little  danger  of  lateral  displacement  and  the  resulting 
formation  of  mud  waves.  The  load-carrying  capacity  of  the  bay  mud  depends  to 
a great  extent  upon  the  rate  of  loading.  With  slow  loading  in  moderately  thin 
layers,  the  foundation  at  any  of  the  sites  should  be  able  to  support  the  pro- 
posed load  without  difficulty. 

Descriptions  of  foundation  materials  and  estimates  of  settlements  at  repre- 
sentative locations  in  the  study  area  follow: 

• South  Bay  - The  South  Bay  sites  are  underlain  by  bay  mud  of  varying 
thicknesses.  For  example,  at  Bair  Island,  the  thickness  of  bay  mud  varies 
from  about  65  feet  near  the  Bay  to  approximately  35  feet  inland  (Ref.  38). 

The  average  is  probably  about  40  feet.  Average  settlement  with  a 10-foot 
layer  of  dredged  fill  would  be  about  4 feet. 

The  site  near  the  City  of  Fremont  is  underlain  pertly  by  bay  mud  in  the  nort1, 
western  area,  and  partly  by  unconsolidated  alluvial  sediments.  The  area  is 
bounded  on  the  southwest  by  an  outcrop  of  Franciscan  formation  rocks  which 
form  the  Coyote  Hills.  Depth  of  bay  mud  probably  reaches  a maximum  of  about 
20  feet  in  the  vicinity  of  Coyote  Hills  Slouqh  (Ref.  48);  settlement  from  in 
^ feet  of  fill  in  this  area  can  be  expected  to  be  a maximum  of  2.5  feet. 

I 
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• North  Bay  - The  potential  sites  in  the  North  Bay  area  are  underlain 
bv  some  of  the  deepest  deposits  of  bay  mud.  For  instance,  at  the  Petaluma 
site,  records  indicate  that  the  depth  of  bay  mud  is  qreater  than  at  any  of 
the  other  locations  considered  in  this  study  (Ref. 48  ).  It  probably  averages 
about  80  feet.  It  is  estimated  that  ultimate  settlement  under  10  feet  of  com- 
pacted fill  would  be  slightly  over  6 feet.  Of  this,  about  20  percent  would 
take  place  during  the  first  10  years  after  placement,  and  it  would  take 
80  years  for  50  oercent  of  the  total  consolidation  to  occur. 

At  Skaggs  Island,  available  data  indicate  that  the  depth  of  recent  bay 
mud  deposits  averages  60  feet.  Ultimate  settlements  under  10  feet  of 
fill  should  be  about  5 feet.  Approximately  25  years  would  be  required 
for  50  percent  of  the  consolidation  to  be  completed. 


Bay  mud  in  the  vicinity  of  Hamilton  AFB  is  approximately  60  feet  thick 
(Ref.  48).  Ultimate  settlements  should  be  approximately  5 feet  for  a 10-foot 
fill.  Approximately  35  percent  of  the  expected  consolidation  would  take 
place  within  10  years,  and  about  25  years  would  be  required  for  50  percent 
consolidation  to  occur. 

• Su_isun_  Bay/  and  Dejta  - As  the  San  Joaquin  - Sacramento  nelta  is 
approached  from  the  west,  a change  in  soil  conditions  is  evidenced.  At  the 
Montezuma  Site,  foundation  materials  on  the  east  side  of  the  slough  consist 
of  mud  and  possibly  some  peat.  Farther  east,  these  Recent  basin  deposits 
grade  into  lenticular  stream  deposits  of  sand,  silt,  gravel  and  clay.  Depth 
I of  the  mud  on  the  east  side  of  the  Montezuma  slough  is  estimated  to  be  about  10 

feet.  Settlement  in  this  area  would  range  from  essentially  zero  at  the  extreme 
eastern  side  of  the  disposal  area  to  about  2 feet  adjacent  to  the  slough. 

■ 

Sherman  and  Jersey  Islands  are  composed  of  highly  comnressible  peat  to  a 
depth  assumed  to  reach  a maximum  of  aoproximately  30  feet  (Refs.  60  and  61). 
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Previous  experience  with  dike  construction  in  the  Delta  indicates  that  with- 
out adopting  special  procedures  it  is  difficult  to  prevent  nun-uni form  settle- 
ment and  associated  cracking,  althouqh  slow  construction  of  the  retaining  dikes 
would  orobably  minimize  detrimental  effects.  Consolidation  will  also  allow  the 
shear  strength  of  the  peat  foundation  to  increase  before  the  next  increment  of 
loading  is  applied.  The  successful  construction  of  a 21-foot  high  road  fill  on 
a peat  foundation  at  placement  rate  of  about  2 feet  per  week  was  reported  by 
Weber  (Ref. 5*5).  In  this  case,  the  fill  was  placed  over  sand  drains.  In  another 
section  of  the  same  project,  without  sand  drains,  failure  occurred  when  the 
fill  reached  a height  of  8 feet.  The  sand  drains  apparently  increased  the 
stability  of  the  foundation  and  allowed  placement  at  this  accelerated  rate  of 
construction,  but  Weber  attributes  the  increase  in  stability  to  a pile  action 
by  the  sand  drains  rather  than  a reduction  in  drainage  path  Previous  labora- 
tory tests  described  in  the  same  report  indicated  that  the  rate  of  consolida- 
tion is  independent  of  sample  thickness  or  length  of  drainage  path  With  che 
carefully  controlled  slow  rate  of  construction  recommended  in  this  study,  it 
should  be  possible  to  successfully  raise  dikes  to  the  necessary  heights  with- 
out using  sand  drains 

Ultimate  consolidation  of  the  30-foot  layer  of  peat  under  a 10-foot  high 
layer  of  compacted  material  with  a unit  weight  of  90  pounds  per  cubic  foot 
would  be  approximately  10  feet.  If  the  thickness  of  the  layer  of  fill  were 
increased  to  20  feet,  the  estimated  settlement  would  be  about  20  feet. 

Ihe  peat  soils  will  not  only  settle  large  amounts  during  the  time  when  fill 
is  being  placed  on  them,  but  will  continue  to  settle  over  a long  period  of 
time  thereafter.  Primary  settlement  will  take  place  in  a few  months  and  be 
30  to  50  percent  of  the  total  settlement.  Existing  levees  are  settlina  at 
rates  up  to  six  inches  per  year. 

• Travis  AFB  Area  - From  the  standpoint  of  foundation  conditions, 
one  of  the  best  of  the  potential  sites  studied  is  the  Travis  AFB  site 
(No.  15).  This  site  is  mainly  on  recent  alluvial  fan  deposits  composed 
of  heterogeneous  sediments  ranging  from  clays  to  gravels.  A few  outcrops 
of  non-marine  sedimentary  rocks,  such  as  sandstone,  claystone,  and  con- 


glomerate. can  be  observed  in  the  area.  Bearinq  capacity  of  these  sed  i 
ments  is  much  greater  than  that  of  the  bay  mud.  Approximate  estimates 
of  allowable  bearing  capacity  are  between  2,000  and  A ,000  pounds  per 
square  foot  for  the  foundation  in  the  Travis  area  compared  with  about 
1500  psf  for  compacted  bay  mud  fills.  Sufficient  materials  from  within 
the  disposal  area  should  be  available  for  starter  dike  construction 

At  all  sites  where  settlement  of  any  magnitude  occurs,  there  will  be  an  in- 
crease in  the  capacity  for  containing  dredge  spoil  because  of  the  settlement. 
However,  where  the  potential  disposal  areas  are  protected  from  floodinq 
by  existing  levees,  these  levees  must  be  continually  inspected  durinn 
the  pond  filling  process  to  detect  any  signs  of  distress,  and  provision 
must  be  made  for  maintaining  adequate  freeboard  by  increasinq  the  crest 
height  of  the  dikes  as  required. 

6.3.5  Dikes 

• Genera]  - Prior  to  Placement  of  the  dredqed  spoils,  it  will  be 
necessary  to  design  and  construct  a system  of  dikes  which  will  form 
ponds  of  the  required  configurations.  In  addition,  existing  periphe- 
ral dikes  will  probably  have  to  be  strenqthened  and  repaired,  or  possiblv 
rebuilt. 


t 
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Many  of  the  retaining  dikes  constructed  for  containment  of  dredqed  material 
in  the  past  have  been  constructed  without  regard  to  good  enqinrerinq  prac- 
tices; they  were  often  constructed  in  areas  with  questionable  foundations  bv 
draglining  or  bulldozing  material  from  the  borrow  area  in  a loose  state  with 
no  attempt  at  compaction.  In  the  WFS  report  (Ref. 52  ) mention  is  made 
of  many  cases  of  dike  failure  due  to  poor  foundation  conditions,  poor 
construction  materials,  minimal  inspection  durinq  the  dredoina  operations, 
and  uncontrolled  seepage. 


In  most  locations  where  dredge  spoil  containment  dikes  are  built,  there 
would  probably  be  little  danger  to  life  and  property  in  the  event  of  a 
failure.  However,  significant  costs  may  be  incurred  in  replacing  material 
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lost  due  to  the  break,  in  addition  to  dike  rebuilding  costs.  Of  Greater 
importance,  would  be  the  adverse  effects  of  the  release  of  turbid  water 
and  polluted  sediments  into  adjacent  waters. 

• Specific  Recommendations  for  Design  and  Construction  of  Dikes  - 
For  the  preceding  reasons,  it  is  strongly  recommended  that  dikes  be  designed 
and  constructed  in  accordance  with  sound  engineering  practices  to  ensure  their 
safety  and  stability  during  all  phases  of  construction  and  operation.  This 
would  significantly  reduce  the  likelihood  of  a dike  failure  with  its  con- 
seguent  unfavorable  reflection  on  the  dredging  agency. 

The  Corps  of  Engineers  (Ref.  51)  recommends  that  the  following  criteria, 
adapted  from  EM  111D-2-2300  (Ref.  63),  be  followed  in  the  design  of  dikes: 

a.  The  slopes  of  the  dike  must  be  stable  under  all  conditions 
of  construction  and  operation. 

b.  The  dike  must  be  designed  so  as  not  to  impose  excessive 
stresses  upon  the  foundation. 

c.  The  passage  of  seepage  flow  through  the  dike  and  foundation 
must  be  controlled  so  that  piping,  sloughing,  and  removal  of  material  by 
solution  do  not  occur.  In  addition,  highly  contaminated  dredge  spoil  will 
probably  require  a limitation  on  the  quantity  of  seepage  flow  and  ground- 
water  contamination. 

d.  The  freeboard  must  be  great  enough  so  that  there  can  be  no 
overtopping  by  waves.  This  requires  also  that  the  settlement  of  the  found- 
ation and  embankment  be  estimated  and  provided  for. 

In  the  Bay  area,  which  is  close  to  several  active  faults,  seismic  consi- 
derations must  be  emphasized  during  design  to  assure  a stable  structure 
under  earthquake  loading. 

Retention  dikes  would  impose  the  most  concentrated  load  on  the  founda- 
tion. To  assure  that  the  dikes  do  not  overload  the  foundation  and  that 
they  will  be  stable  under  earthquake  conditions,  they  should  be  built  in 


stages  as  needed  over  the  life  of  the  project.  Substantial  saviru  will 
result  if  the  filling  of  the  ponds  is  slow  enough  to  permit  staged  con- 
struction - this  will  allow  the  foundation  soils  to  consolidate  and  allow 
steeper  slopes  to  be  built.  Even  with  staged  construction,  it  is  recom- 
mended that  the  dikes  have  slopes  not  steeper  than  3 horizontal  to  1 ver- 
tical and  preferably  not  steeper  than  4:1. 

The  dikes  could  possibly  be  constructed  of  fill  from  site  excavation, 
compacted  dredged  material,  or  selected  fill.  If  the  dikes  are  built  of 
material  from  within  the  disposal  area,  precautions  should  be  excercised 
to  preclude  cutting  the  crust  of  the  foundation  too  thin.  Normally 
this  crust  of  dried  mud  has  formed  in  areas  above  hiqh  tide  but  soft 
mud  still  exists  below  the  cover.  A typical  example  of  this  phenome- 
non exists  at  the  Petaluma  River  site,  where  the  Soil  Conservation 
Service  (Ref.  37  ) estimated  that  the  crust  thickness  varies  between  3 
and  8 feet,  and  that  the  lower  boundary  of  the  crust  is  an  undulatinq 
surface . 

No  excavation  within  the  disposal  area  should  be  performed  until  the  thick- 
ness of  the  crust  has  been  determined  so  that  adequate  precautions  can  be 
taken  to  prevent  the  crust  from  being  cut  too  thin  to  support  equipment. 
Initial  dike  construction  and  all  subsequent  dike  raising  should  be  to  the 
minimum  height  required  to  retain  the  material  from  the  particular  cycle 
of  deposition.  In  addition,  construction  should  be  performed  only  during 
the  dry  season  when  the  surface  crust  thickness  is  at  a maximum. 

Dike  construction  material  should  be  impervious  soil,  compacted  to 
approximately  85  percent  relative  compaction,  (as  determined  by 
ASTM  D 1557-70  (C)  laboratory  test  procedure). 

Dried  dredge  spoil,  if  properly  compacted,  will  be  suitable  for  construc- 
tion of  subsequent  lifts  to  the  dikes.  Bay  mud  was  successfully  used  for 
construction  of  dikes  at  the  Redwood  Shores  development,  which  is  discussed 
in  a later  section. 
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Most  of  the  existing  dikes  observed  in  the  field  will  require  improve- 
ment, as  their  present  slopes  are  generally  much  steeper  than  4:1,  and  no 
reliable  information  is  available  on  the  materials  used.  In  addition 
some  reports  indicate  that  normal  construction  was  wi th  dragl  ines  or  clam- 
shells, with  no  spreading  or  compaction  of  the  dumped  materials. 

Differential  settlement  of  the  dikes  due  to  pronounced  irregularities  in 
the  foundation  materials  would  only  become  critical  in  those  areas  where 
severe  cracking  and  large  deformation  resulted.  Generally,  such  irregu- 
larities will  exist  in  the  vicinity  of  sloughs  where  abrupt  changes  in  the 
thickness  of  bay  mud  are  found.  Special  design  and  construction  methods  in 
these  locations  will  be  required  to  prevent  dike  failures  and  repeated  main- 
tenance expenditures. 

6.3.6  Separation  of  Solids  from  Transporting  Maters 

A.  General  - It  is  conceivable  that  dredged  materials  could  be  distributed 
at  the  land  disposal  site  in  a substantially  solid  form;  for  instance,  a scow 
filled  with  clamshell  excavated  spoils  could  be  unloaded  into  a truck  or  con- 
veyor distribution  system  at  the  site.  Because  of  the  technical  problems  and 
rehandling  costs  involved  with  such  a system,  however,  sediments  dredged  from 
the  waters  of  the  San  Francisco  Bay-Delta  system  and  moved  to  land  disposal 
sites  will,  very  probably,  be  transported  in  a slurry  form  by  pipeline.  The 
pipeline  could  lead  from  a dredge  in  the  vicinity  of  the  disposal  site;  it 
could  be  a fixed  pipeline  from  a distant  location;  or  it  could  lead  from  a 
rehandling  basin  at  the  site  itself.  In  any  case,  substantial  benefits  of 
placement  of  spoils  by  the  hydraulic  fill  method  can  be  realized  if  the  sol- 
ids transported  can  be  concentrated  at  the  landfill  site  and  if  appropriate 
means  are  found  for  disposal  of  the  transporting  waters. 

Examination  of  the  feasibility  of  hydraulic  fill  methods  for  land  disposal 
requires  an  investigation  of  the  physical  properties  of  the  spoil,  the  cha- 
racter of  the  transporting  waters,  and  the  character  of  the  deposited  ma- 
terial. Even  with  this  information,  feasibility  can  only  be  evaluated  for 
specified  separation  processes.  This  section  presents,  therefore,  data  on 
the  sediments  and  waters  to  be  disposed  together  with  an  outline  of  recom- 
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mended  separation  facilities.  Considerations  concerning  facility  design 
and  an  estimate  of  facility  performance  are  included. 


B.  Spoil  Material  Properties  - Sediments  enter  the  San  Francisco  Bay- 
Delta  system  from  land  drainage  and  consist  largely  of  erosion  pro- 
ducts from  the  land  surface.  About  81  percent  of  the  material  enters 
with  Central  Valley  drainage,  and  most  sediment  from  all  sources  enters 
during  the  winter  and  early  spring  months  with  higher  rainfall  runoff 
and  snowmelt  water  flows. 

The  entering  sediment  materials  are  comprised  of  about  60  percent  clay 
sizes,  30  percent  silt  sizes,  and  10  percent  or  less  fine  sand.  This  fine 
material  is  transported  largely  in  suspension  in  the  entering  streams.  The 
very  small  clay  and  silt  particles  become  cohesive  when  ocean  waters  mix 
with  river  waters  to  the  extent  of  one  part  or  more  ocean  water  to  33  parts 
fresh  water,  however,  and  the  hydraulic  conditions  in  the  San  Francisco  es- 
tuary cause  repeated  particle  collisions,  which  result  in  aggregation  of 
suspended  particles.  The  settling  velocities  of  the  aggregates  are  much 
greater  than  those  of  individual  mineral  particles.  As  the  flow  of  enter- 
ing water  passes  into  the  broad  shallow  bays  of  the  system,  the  reduced 
water  velocities  and  shallow  depths  facilitate  deposition  of  suspended 
material . 

During  the  late  spring  and  summer  months, daily  onshore  breezes  blow  across 
the  shallow  bays  and  generate  waves  that  resuspend  the  recently  deposited 
material  and  keep  it  in  suspension;  even  the  slow  tidal  currents  circulate 
suspended  material  throughout  the  system.  Finer  materials  are  preferentially 
resuspended.  When  the  wind  dies  or  wherever  flow  velocities  are  small  in 
deeper  waters,  such  as  in  channels  and  harbors,  deposition  occurs.  These 
processes  continue  and  the  sediment  gradually  works  its  way  to  regions 
where  hydraulic  shear  stresses  necessary  to  resuspend  the  material  do  not 
occur,  or  the  sediment  moves  out  through  the  Golden  Gate.  Because  of  the 
abundant  supply  of  material  to  the  system,  averaging  about  10  million  cubic 
yards  each  year,  areas  where  resuspension  is  limited  must  of  necessity  be 
dredged  if  depths  in  these  areas  are  to  be  maintained. 


The  foregoing  description  of  the  transportation  patterns  shows  that  the 
material  can  be  deposited  and  resuspended  repeatedly. 


I 
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For  this  study,  representative  locations  in  each  shoal  area  were  sampled 
and  tested  to  determine  the  properties  of  each.  A copy  of  the  report, 

Core  Samples  of  San  Francisco  Bay  Sediments,  dated  December  1973  and  pre- 
pared by  CSO  Laboratory,  is  included  in  Appendix  A.  This  report  shows 
the  details  of  sampling,  including  locations  at  which  core  samples  were 
taken  in  the  various  shoals,  and  apparent  density  and  moisture  contents 
of  the  soil  samples.  Data  from  this  report  are  tabulated  in  Table  VI-1. 

The  physical  data  show  that  the  materials  in  the  several  shoaling  areas 
differ  significantly,  with  sandy  areas,  such  as  Pinole  Shoal,  having 
higher  apparent  densities  and  lower  water  contents  than  areas  of  softer 
clayey  deposits. 

Both  chemical  and  physical  tests  were  performed  on  the  samples  recovered 
through  the  sampling  program.  Settling  tests  and  chemical  tests  will  be 
described  later  in  this  Section;  physical  tests,  performed  by  the  Harding- 
Lawson  Associates  Laboratories,  are  described  in  Appendix  C. 

C.  Settling  Characteristics  - Samples  from  each  of  the  shoals  were  mechani- 
cally suspended  in  one-liter  graduated  cylinders  at  several  concentrations 
and  allowed  to  settle.  The  concentrations,  selected  to  be  such  that  hin- 
dered settling*  occurred,  were  approximately  10,  20,  40  and  60  grams  of 
solids  per  liter.  The  settling  at  various  times  was  determined  by  obser- 
vation of  the  sediment-water  interface  location  on  the  graduated  scale. 

Aggregation**  and  hindered  settling  occurred  when  the  samples  were  suspended 
in  sea  water.  The  material  dispersed  when  suspended  in  tap  water  and  did 
not  settle. 


* Hindered  settling  occurs  when  a high  concentration  of  solids  settles 
to  a boundary  (bed)  and,  as  the  particles  accumulate  on  the  bed,  the 
water  displaced  by  them  moves  upward  through  the  settling  particles 
and  reduces  their  apparent  rate  of  settling. 

**  Aggregation  is  a collection  of  separate  suspended  particles  into  one 
unit,  which  behaves  as  one  suspended  particle. 
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A useful  method  for  reducing  such  data  was  devised  using  Bosworth's  re- 
lation (Ref. 84)*. 


where  V is  the  volume  at  any  time,  t,  V<x=  is  the  ultimate  settled  volume, 
and  k is  a time  constant.  Plots  of  V vs  1/t,  of  which  Figure  VI-1  is  typical, 
showed  linear  portions  in  their  later  stages  which  could  be  extrapolated  to  the  j 

ordinate  to  yield  the  settled  volume.  The  intercept  volumes  were  plotted  against 
weight  of  sediment  as  shown  in  Figure  VI-2.  The  lower  curve  indicates  the  set- 
tled volume  after  approximately  one  day  of  settling.  The  linearity  of  the  points 
in  Figure  VI-2  indicates  that  the  structure  of  the  deposit  was  the  same  for  all 
initial  concentrations  tested. 

The  results  of  the  settling  test  are  presented  in  Table  VI-2  together 
with  the  in-place  shoal  apparent  densities  and  water  contents.  These  data 
show  that  the  densities  of  the  shoal  may  be  expected  to  be  significantly 
higher  than  those  of  an  initial  deposit  at  a site.  It  appears  that  the 
particles  in  even  a thin  deposit  slowly  rearrange  themselves  to  form  a 
more  dense  deposit  for  weeks  after  deposition. 

The  concentration  of  particles  in  the  fresh  deposit  are  shown  in  the  last  column 
of  Table  VI-2. 

The  plots  of  V vs  1/t  and  intercept  volumes  vs  sediment  weight  for  all 
samples  tested  are  included  in  Appendix  D. 

D.  Tentative  Disposal  Scheme  - The  following  facilities  and  operation 
are  suggested  for  purposes  of  evaluating  the  feasibility  of  land  disposal: 

1.  Facilities  would  include  a number  of  diked  primary  ponds  and  a 
pair  of  parallel  secondary  ponds  for  storing  and  settling  elutriate  wa- 
, ters  from  the  primary  ponds.  Valved  lines  would  control  discharge  from  the 
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spoil  conduit  to  each  of  the  several  primary  ponds,  stop-log  weirs  would 
control  effluent  discharge  from  the  primary  ponds,  and  a canal  with  ap- 
propriate appurtenances  would  carry  effluent  to  the  secondary  ponds. 

Effluent  from  the  secondary  ponds  would  be  pumped  to  a submerged  dis- 
charge leading  to  the  adjacent  slough,  river,  or  bay. 

2.  The  primary  ponds  would  be  operated  successively  on  a batch  basis. 

The  batch  procedure  would  include: 

a.  Filling  the  pond  until  sufficient  sediment  to  make  the 
desired  depth  of  deposit  was  admitted. 

b.  After  settling  for  a desired  period,  skimming  the  supernatant 
water  by  means  of  the  stop-log  weir  and  allowing  further  drainage  as  con- 
solidation progressed. 

c.  Leaving  the  deposit  exposed  to  sunlight  and  wind  until  the 
moisture  content  of  maximum  shrinkage  was  reached.  Drying  might  be 
accelerated  by  mechanical  thickening  during  early  stages  and  scarifica- 
tion during  later  stages. 

3.  The  secondary  ponds  would  be  provided  in  pairs  to  allow  for 
maintenance  and  to  provide  storage  capacity  for  accidents  or  for  river 
conditions  such  that  discharge  is  permitted  during  only  a portion  of 
the  tidal  cycle. 

The  several  factors  affecting  the  conceptual  design  needed  for  evaluation 
of  feasibility  of  such  facilities  are  described  below: 

E.  Influent  Slurry  - In  the  absence  of  other  information  on  dredging 
schedules,  the  production  of  slurry  was  assumed  to  be  distributed  uni- 
. formly  over  365  days  each  year.  The  production  for  a design  year  during 

which  dredging  was  taking  place  at  all  dredging  sites  was  taken  as  14,694,000 
cubic  yards;  the  20-year  total  was  taken  as  approximately  200,000,000  cubic 
yards.  Shoal  volumes  dredged  daily  were  taken  to  be  40,258  cu  yds  and  27,000 
ft  cu  yds,  respectively. 

* 
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The  solids  concentration  will  probably  vary  with  the  character  of  the 
shoal  material,  the  kind  of  dredginq  equipment  used,  and  the  individual 
operators  of  the  dredginq  equipment.  High  solids  concentrations  approach- 
ing those  in  the  shoal  will  facilitate  drying  but  will  require  spreading 
facilities  at  the  disposal  site.  Low  concentrations  can  be  distributed 
easily  at  the  landfill  site  but  may  require  longer  periods  for  draining 
and  drying,  and  therefore  will  encumber  larger  land  areas  for  drying. 

Inevitable  fluctuations  in  solids  concentrations  will  require  facilities 
for  concentrating  solids  and  separating  them  from  the  transporting  waters. 

A bulk  density  of  1150  g/1  or  a solids  concentration  of  0.204  g/cu  cm  is 
expected  to  typify  the  influent  slurry  (Ref.  55)  with  periods  having  lower 
solids  content,  although  solids  contents  up  to  1200  g/1  have  been  obtained 
in  the  Delaware  Estuary  with  pilot  scale  experimental  equipment  dredging 
shoal  material  having  slightly  lower  apparent  densities  than  those  in  San 
Francisco  Bay.  Slurries  having  the  lower  solids  concentrations  pose  the 
greatest  problems  for  separation  and  drying  sol  ids, and  are  the  primary 
concern  in  this  study. 

F.  Primary  Pond  Requirements  - The  area  required  for  primary  ponds,  their 
configuration,  and  thei r appurtenances  are  determined  by  climatic  conditions 
as  well  as  by  the  settling  character  of  the  material  and  facilities  for  ope- 
ration. For  purposes  of  the  following  example,  climatic  conditions  at  the 
Delta  site  of  Sherman  Island  were  used.  Sherman  Island  is  subject  to  daily 
westerly  breezes  during  summer  and  to  occasional  north  winds  when  high  pres- 
sure areas  cross  the  upper  Sacramento  Valley.  Monthly  evapotranspi ration 
rates  vary  from  near  zero  during  winter  months  to  about  9 inches  per  month 
in  summer  as  measured  near  Thornton  (Ref.  85).  Consideration  of  the  winds 
and  the  varying  evaporation  rates  are  included  in  the  requirements  in  this 
section . 
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Shoal  volumes,  areas  covered  and  water  to  be  evaporated  from  a one-foot 
wet  deposit,  at  both  densities  obtained  after  one  day  of  settling  and 
at  shoal  density,  are  presented  in  Table  VI-3.  Densities  obtained  after 
one  day  of  settling  and  those  of  the  shoal  were  selected  because  they 
show  the  range  of  achievable  values.  Shoal  densities  should  be  approached 
with  one  to  two  weeks  of  undisturbed  settling.  The  top  few  centimeters  of 
a consolidated  deposit  will  have  a lower  density  than  that  shown,  but  the 
average  for  one-foot  should  be  approximately  as  indicated,  based  on  meas- 
urements on  core  samples  of  the  shoal.  The  lower  portions  of  the  one-day 
deposit  should  be  slightly  more  consolidated  than  indicated  by  the  settling 
tests,  so  that  a deep  deposit  might  have  a higher  density.  The  values  in 
Table  VI-3  provide  limits  to  the  range  to  be  expected  by  varying  the  set- 
tling times. 

Water  to  be  evaporated  to  a moisture  content  of  30  percent  by  weight*  is 
shown  in  the  last  two  columns  of  Table  VI-3,  and  weiqhted  average  areas  and 
water  to  be  evaporated  are  shown  at  the  bottom.  These  weiqhted  average 
values  are  used  subsequently  for  estimating  total  area  required  for  primary 
ponds . 

A plot  of  cumulative  evapotranspiration  from  a station  in  the  Delta  is  pre- 
sented in  Figure  VI-3.  The  curve  shows  that  the  averaqe  rate  of  48  inches 
of  water  per  year  is  exceeded  from  the  end  of  March  to  the  end  of  September, 
and  evaporation  rates  are  very  low  during  the  period  October  through  February. 
In  order  to  accommodate  uniform  year  around  disposal  it  will  be  necessary 
to  provide  exposure  for  long  times  for  material  not  dried  before  the  end  of 
September. 

The  times  required  to  evaporate  several  selected  amounts  of  water  were  de- 
termined graphically  for  each  15  day  period  throughout  the  year  using  the 
plot  in  Figure  VI-3  and  a similar  plot  on  a larger  scale.  The  number  of 


* Target  moisture  content  recommended  by  Mr.  Lyle  Lewis,  Hardinq,  Lawson 
Associates . 
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15-day  pond  qroups  required  was  then  determined  by  plottinq  the  times  that 
each  group  was  occupied  by  filling,  settling,  and  drying  as  shown  in  Fiqure 
VI-4. 


Figure  VI-4  was  based  on  an  8 day  filling  and  settling  period  added  to  the 
drying  times  determined  graphically  for  evaporating  12.8  inches  of  water. 

The  abscissa  represents  time  of  year  and  the  ordinate  lists  number  of  pond 
groups  occupied.  The  bars  indicate  the  period  during  which  each  pond  group  is 
occupied  and  the  letter  indicates  the  order  of  occupation.  Fiqure  IV-4  shows 
that  15  pond  groups  would  be  needed  for  uniform  year  around  spreadinq  at 
deDths  that  would  require  evaporation  of  12.8  inches  of  water.  It  also 
shows  that  the  ponds  would  be  idle  during  summer  months.  Less  total  pond 
area  would  be  required  if  the  dredging  schedule  could  be  adjusted  to  match 
evapotranspiration  rates. 

The  nonlinear  character  of  the  cumulative  evapotranspiration  curve  makes  the 
total  number  of  pond  qroups  required  vary  with  amount  of  water  evaporated. 

The  exercise  leading  to  Figure  VI-4  was  completed  for  four  amounts  of  water 
to  be  evaporated  and  the  total  number  of  pond  qroups  found  were  plotted  as 
shown  in  Figure  VI-5.  The  curve  in  Figure  VI-5  tends  to  become  horizontal 
with  increasing  depth  of  water  because  the  winter  month  periods  are  less 
significant  as  the  drying  periods  lengthened:  At  48  inches  of  water  all 

ponds  would  be  occupied  the  entire  year.  The  formation  of  a surface  crust 
and  drying  rates  at  depth  preclude  this  option.  It  appears  possible,  how- 
ever, to  spread  the  material  thinly  durinq  winter  months  and  thicker  during 
summer  months  to  keep  the  ponds  occupied  during  a greater  portion  of  the 
year.  This  mode  of  operation  was  not  investigated.  It  may  also  be  desirable 
to  store  material  during  winter  months  and  spread  during  the  "dryina  season." 

Calculation  of  total  area  required  using  the  weighted  averaqes  in  Table  VI-3 
and  the  curve  in  Figure  VI-5  proceeds  as  follows: 

1.  Select  a desired  depth  of  deposit  and  an  appropriate  density  and 
calculate  the  daily  area  and  total  evaporation.  For  example,  a 6-inch  de- 
posit having  the  shoal  density  would  require  52/0.5  = 104  acres  per  day 
of  spreading  area.  The  water  to  be  evaporated  would  be  5.92/2  = 2.96  inches. 


2.  Enter  Figure  VI-5  at  2.96  to  get  8.2  fifteen  day  pond  groups.  The 
total  area  required  would  be  8.2  x 15  x 104  = 12,800  acres.  A similar 
calculation  for  a 12  inch  deposit  at  shoal  density  yields  11.3  x 15  x 52  = 

8,800  acres. 

It  should  be  noted  that  the  water  content  after  one  day  of  settling  is  1.5 
times  that  of  the  shoal.  One  or  two  weeks  of  settlinq  is  beneficial. 

A pond  configuration  with  a length  to  width  ratio  of  about  5:1,  with  the 
inlet  at  one  end  and  the  exit  at  the  other,  is  desirable  to  provide  a 
longitudinal  slope  to  the  bed  for  drainage,  and  to  permit  continuous  flow 
operation  without  short  circuiting,  should  it  become  desirable.  The  pond 
area  should  be  small  enough  to  spread  slurry  more  or  less  uniformly  from 
the  inlet  end  but  otherwise  large  so  as  to  minimize  dike  construction  and 
maintenance.  An  area  1000  feet  by  5000  feet  would  provide  115  acres  (just 
over  one  day ' s spreading  to  a 6"  depth), and  would  be  about  as  larqe  as  could 
be  easily  spread  with  dilute  slurry. 

The  height  of  the  dikes  should  be  maintained  sufficiently  above  the  dried 
bed  surface  so  that  each  load  has  ample  freeboard.  If  a conservative  1.10  g/cc 
slurry  density  is  assumed  for,  say,  Mare  Island  Strait  sediment  with  a shoal 
density  of  1.30  g/cc,  then  a total  slurry  depth  required  for  one  foot  of 

deposit  at  shoal  density  would  be  3.7  ft  of  slurry.  This  depth  plus  free- 
board leads  to  approximately  six-foot  dikes.  A slurry  having  a bulk  density 
of  1150  g/1  would  require  only  2.2  ft  depth.  It  is  important  to  maintain 
the  solids  concentration  in  the  slurry  within  a ranqe  such  that  spreading 
is  facilitated  and  such  that  excessive  water  depths  are  avoided. 

The  ponds  could  be  contained  by  dikes  made  high  enough  to  provide, say,  the 
slurry  and  deposi t capaci ty  needed  during  the  first  few  years  only.  Successive 
lifts  could  be  made  from  dried  spoil  with  the  adjacent  deposited  spoil  serving 
as  ballast.  The  foundation  problems  can  be  minimized  for  interior  dikes  by 
maintaining  similar  depths  of  deposit  on  either  side. 
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Drying  rates  observed  for  evapotranspiration  were  used  in  the  estimates 
above.  These  evaporation  rates  are  lower  than  pan  evaporation  as  a rule 
and  were  selected  to  more  nearly  describe  water  loss  from  the  soil.  Actual 
moisture  loss  from  drying  Bay  mud  may  be  less,  however,  because  a dry,  re- 
latively impermeable  crust  develops  at  the  surface  of  a drying  deposit  and 
inhibits  evaporation.  Two  ways  to  reduce  this  effect  include  spreading  in 
thin  deposits,  and  scarification  of  the  surface  by  harrowing  or  discing.  If 
the  site  is  ultimately  to  be  used  for  agriculture  or  horticul ture , surface 
treatments  that  promote  the  development  of  open,  permeable  structure  should 
be  selected  for  enhancing  drying  rates. 

A recent  article  (Ref.  86)  described  studies  of  "conditioning"  slurry  to 
enhance  evaporation  rates  and  showed  evaporation  rates  from  conditioned 
sediment  that  were  ten  times  the  pan  evaporation  rates.  The  suoporting 
data  are  not  convincing,  however,  and  no  information  is  given  that  shows 
enhancement  of  surface  drainage  resulting  from  "conditioning"  or  absorption 
of  moisture  by  underlying  soil.  Both  can  be  useful,  but  until  more  defini- 
tive data  are  available  it  would  be  prudent  to  anticipate  that  scarification 
or  shearing  the  material  will  be  needed  to  just  attain  pan  evaporation  rates 
from  thick  deposits.  Care  should  be  taken  to  assure  surface  drainage  from 
the  deposit  in  any  case. 

The  simplest  approach  is  to  spread  to  form  a thin  deposit.  It  may  be  diffi- 
cult to  spread  a uniform  layer  the  first  few  years,  but  the  bed  surface 
should  soon  stabilize.  An  upper  limit  to  sediment  depth  of  one  foot  of  wet 
deposit  appears  appropriate  to  limit  the  height  of  containing  dikes  needed 
and  to  facilitate  access  to  the  interior  of  the  ponds  by  earthmovina  eguip- 
ment.*  Winds  generate  waves  having  greater  height  with  length  of  fetch 
(over  short  distances).  Orientation  of  the  ponds  to  minimize  the  effects 
of  winds  is  desirable.  Placement  of  the  lonq  axis  north  to  south  will  pre- 
sent tne  narrow  dimension  to  the  wind, and  placing  the  inlet  on  the  south 
end  and  the  outlet  on  the  north  end  will  minimize  disturbance  by  the  north 
winds  around  the  outlet.  The  ponds  should  be  drained  at  a time  when  the 
air  is  calm  so  as  to  avoid  suspension  of  bed  surface  material  in  the  super- 
natant waters.  Such  conditions  often  prevail  during  early  morning  hours 
in  the  Delta. 

* Suggested  by  Sterling  K.  Atkinson,  Harding,  Lawson  Associates,  San 
Rafael,  Personal  Communication. 
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The  settling  tests  showed  that  the  shoal  material  disperses  in  tap  water. 
Settling  and  consolidation  in  the  primary  ponds  require  that  the  particles 
be  cohesive.  Cohesion  is  assured  when  the  sea  salt  concentration  in  the 
transporting  waters  exceeds  a few  grams  per  liter,  as  it  normally  does 
in  most  of  the  Bay  system  below  Pittsburq  except  during  periods  of  hi qh 
fresh  water  inflow.  If  spoil  is  barged  to  the  disposal  site  and  pumped 
to  the  ponds  using  fresh  river  waters,  however,  it  will  be  necessary 
to  add  coagulant.  The  most  appropriate  coagulant  depends  on  cost:  alum, 

ferrous  salts,  lime,  and  commercial  polyelectrolytes  should  be  investi- 
gated after  laboratory  measurements  of  the  amounts  of  each  prospective 
coagulant  needed  to  assure  cohesion  are  determined. 

Before  final  design  of  primary  ponds  is  undertaken,  several  additional 
efforts  are  needed.  These  include: 

1.  Additional  settling  and  consolidation  tests  to  determine 

and  optimum  consolidation  time  and  to  determine  the  effect  of  depth  of 
deposit  on  water  contents; 

2.  Drying  studies  to  show  the  rate  of  drying  for  deposits  having 
varying  thicknesses  during  the  entire  drying  period; 

3.  Studies  of  the  benefits  and  costsof  various  scarification  or  con- 
solidation methods;  and 

4.  Refined  operational  studies,  using  the  above  information  and  know- 
ledge of  uses  of  dredging  equipment  in  other  areas  during  winter,  that 
can  lead  to  reduced  drying  area  and  construction  requirements. 

If  may  be  possible  to  utilize  existing  land  disposal  activities  for  obtain- 
ing some  of  the  information  needed  to  optimize  land  disposal  operations. 

G.  Secondary  Ponds  - Treatment  of  the  supernatant  waters  drained  from  the 
primary  ponds  is  necessary  primarily  to  remove  solids  suspended  during  pri- 
mary pond  drainage  and  to  provide  a buffer  against  leakage  of  turbid  waters. 


6 - 69 


Turbid  waters  are  themselves  objectionable  if  the  turbidity  exceeds  that 
of  the  receiving  waters,  and  deleterious  substances,  if  they  should  occur, 
are  often  associated  with  suspended  particles.  Secondary  ponds  are  sug- 
gested tor  continuous  flow  operation.  Batch  operation  may  be  desirable 
at  times,  and  the  ponds  should  be  eguipped  for  such  operation. 

The  following  factors  are  important  to  secondary  pond  dimensions: 

1.  The  water  depth  should  be  four  feet  or  more  for  continuous  flow 
operation  to  avoid  suspension  of  deposited  material  by  wind-generated 
waves.  An  extra  two  feet  capacity  may  be  needed  for  storage  during  un- 
favorable water  conditions. 

2.  The  length  to  width  ratio  should  be  5:1  or  more  to  reduce  short- 
circuiting  from  the  inflow  to  the  effluent  structure. 

3.  The  effluent  weir  or  pump  intake  should  be  floating  or  adjustable 
so  that  water  is  removed  from  near  the  surface,  and  so  that  batch  opera- 
tion is  possible. 

4.  The  size  was  determined  for  continuous  flow  assuming  a maximum  su- 

pernatant production  on  a desired  one-foot  of  deposit  in  the  primary  pond 
settled  from  the  slurry  having  an  apparent  density  of  1.100  g/cc,  des- 

cribed above.  The  supernatant  would  have  a volume  of  52  acres  by  2.67  feet 
or  138  acre  feet  per  day.  The  flow  would  be  split  and  pass  through  two 
ponds,  each  selected  by  trial  to  be  400  feet  by  2000  feet  by  4 feet  deep. 

The  characteristics  of  these  ponds  during  the  maximum  flows  are: 

_ 5 

Surface  Loading  4.4  x 10  ft/sec 

Average  flow  velocity  .022  ft/sec 

Detention  time  25  hours 

The  low  velocity  assures  that  bed  shear  will  be  negligible  so  that  deposited 
material  will  not  suspended  by  the  flow.  The  surface  loading  is  an  estimate 
of  the  minimum  particle  settling  velocity  for  particles  that  will  be  entirely 
removed  by  the  pond.  Laboratory  studies  indicated  that  median  settling  ve- 
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locities  for  Mare  Island  Strait  sediments,  after  having  reached  later  stages 
of  aggregation,  had  this  settling  velocity  when  the  suspended  solids  con- 
centration was  210  mg/1.  Effluent  suspended  solids  concentrations  for  higher 
influent  concentrations  should  be  low.  The  portion  of  solids  removed  at 
lower  influent  concentrations  will  not  be  as  great,  however.  Effluent  con- 
centrations should  not  exceed  50  mg/1  in  any  case. 

These  secondary  ponds  will  store  at  a four-foot  water  depth  an  entire  day's 
supernatant  production  so  that  it  would  be  possible  to  operate  them  on  a 
batch  basis  should  that  become  desirable. 

H.  Other  Treatment  Requirements  - Investigations  of  additional  require- 
ments for  treating  supernatant  waters  included  analyses  of  elutriates  of 
the  shoal  samples  obtained  by  shaking  one  part  sediment  with  four  parts 
water,  by  weight,  for  30  minutes,  then  settling  the  solids  and  filtering 
the  supernatant.  The  elutriates  obtained  by  shaking  sediments  with  sea 
water  and  with  tap  water,  to  simulate  river  water,  were  analyzed  for  cad- 
mium,mercury  , lead,  zinc,  immediate  dissolved  oxyqen  demand  (IDOD),  bio- 
chemical oxygen  demand  over  five  days  (BOD^),  total  phosphorus,  total 
nitrogen,  and  nitrate  nitrogen.  The  results  of  these  analyses,  made  by 
Environmental  Quality  Analysts,  San  Francisco,  are  included  in  Appendix  B. 

The  analyses  show  that  the  concentrations  of  cadmium,  lead, and  zinc  in  both 
the  tap  water  and  seawater  elutriates  are  well  below  permissible  levels 
listed  in  Surface  Water  Criteria  for  Public  Mater  Supplies  (Ref.  94). 

Mercury  is  not  listed  in  the  tabulation.  Mercury  has  a molecular  weight 

I. 8  times  that  of  cadmium.  If  their  toxicities  are  comparable,  then  the 
permissible  concentration  by  weiqht  should  be  about  twi ce  that  of  cadmium. 
Examination  of  the  data  show  mercury  concentrations  less  than  two  tenths 
of  the  permissible  level, with  one  exception.  The  exception  is  the  mer- 
cury in  the  elutriate  from  one  of  the  samples  from  Redwood  City  Harbor. 

It  is  ten  times  that  for  the  other  Redwood  City  sample  and  no  comparable 
change  is  apparent  in  the  other  metals  for  the  sample.  It  appears  that 
there  was  an  error  in  calculation.  The  metals  should  not  be  a problem  to 
receiving  waters  at  the  west  end  of  the  Delta  or  in  the  Bay. 
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The  IDOD  values  probably  reflect  oxidation  of  ferrous  sulfide  contained 
in  anaerobic  sediments.  The  values  are  low,  and  would  be  satisfied  ra- 
pidly in  the  large  exposed  ponds.  The  BOD^  values  show  surprising  dif- 
ferences in  tap  water  and  seawater  elutriates,  with  the  seawater  elutriate 
BOD^  averaqing  about  111  mg/ 1 and  the  tapwater  elutriate  averaging  48  mg/1. 

Oswald  (Ref.  87)  presented  a table  which  shows  B0D,~  reduction  at  various 
times  and  temperatures  in  undisturbed  ponds.  At  nine  days,  the  reduction 
is  57  percent  at  10°  C and  75  percent  at  14°  C.  At  the  lower  temperature, 
the  effluent  concentration  would  be  37  mg/1  if  the  proposed  ponds  perform 
in  comparable  fashion. 

The  primary  ponds  will  have  shallow  supernatant  depths  relative  to  conven- 
tional pond  depths,  so  that  aeration  by  surface  mixing  and  diffusion  should 
be  more  efficient  than  that  in  conventional  ponds.  It  is  suqgested  that 
facilities  for  aeration  be  omitted  at  the  present  stage  of  planninq,  but  that 
the  slurry  be  settled  eight  days  in  the  primary  nonds  before  the  supernatant 
is  drawn  off. 

The  nitrate  nitrogen  concentrations  in  the  tapwater  elutriate  are  sliqhtlv 
above  those  in  Suisun  Bay  and  the  western  Delta  (Ref.  88)  and  the  phosphorus 
concentrations  are  about  three  times  those  found  in  these  waters.  The 
phosphorus  concentrations  in  the  seawater  elutriates  are  comparable  to  thcs 
in  the  receiving  water,  however.  It  is  not  anticipated  that  either  nitro- 
gen or  phosphorus  will  be  of  concern  for  the  quantity  of  water  discharge  an- 
ticipa ted . 

Analyses  of  organohalogens , shown  in  the  EQA  report,  showed  virtually  no 
pesticides  or  residues  released  in  tap  water.  Only  three  observations  of 
pesticides  at  barely  detectable  levels  were  noted  in  the  seawater  elutriates, 
and  only  up  to  three  times  the  detection  limits  were  observed  for  polychloro- 
biphenyls.  The  one  DDT  value  detected  is  at  one-sixth  the  48  hour  TLm  for 
shrimp  (FWPCA  Water  Quality  Criteria,  page  83).  This  sample  came  from  Napa 
River,  a shoal  area  that  will  contribute  only  a small  part  of  the  total 
sediment.  No  criteria  are  available  for  PCB's.  It  is  not  anticipated  that 
pesticides  will  be  a problem. 
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The  remaining  constituents  in  those  supernatant  waters  that  are  pumped 
up  from  the  Bay  to  the  disposal  areas  are  the  sea  salts. 
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The  waters  of  the  Delta  are  used  by  local  farmers  for  irrigation  water 
supply  and  for  waste  disposal  (irrigation  return  flow),  by  the  Department 
of  Water  Resources  of  the  State  of  California  (DWR)  and  by  the  Bureau  of 
Reclamation  (USBR)  for  irrigation  and  domestic  use,  and  the  waters  down- 
stream are  used  by  industries  and  by  cities  such  as  Antioch.  The  salinities 
of  water  in  this  region  are  monitored  by  the  DWR  and  USBR  and  are  reported 
to  the  California  Water  Resources  Control  Board  as  required  by  Decision 
1379,  issued  by  the  CWRCB  in  July  1971.  The  amount  of  water  that  can  be 
exported  by  pumping  near  Tracy  is  limited  at  present  during  low  fresh 
water  flows  by  the  intrusion  of  sea  water  up  the  estuary. 

Approval  for  discharge  of  saline  waters  would  require  model  studies  to 
determine  the  effect  of  the  discharge  on  Delta  waters,  and  evaluation  of 
these  effects  by  appropriate  agencies.  The  effects  may  be  small,  and  the 
value  of  reclaiming  an  island  is  high.  The  possibility  of  approval  should 
not  be  discounted. 

The  effect  of  the  discharge  of  saline  waters  from  the  settling  ponds  would 
not  be  a problem  downstream  of  Suisun  Bay.  If  sites  are  considered  upstream 
of  this  location  and  policies  are  such  that  the  effluent  cannot  be  discharged 
into  the  adjacent  waters,  the  evident  alternatives  are  (1)  to  return  the  sa- 
line waters  to  the  Bay  through  a parallel  pipeline  or  through  the  influent 
pipeline  during  "down"  times,  if  storage  is  adequate  in  the  disposal  areas 
to  allow  the  pumping  to  be  shut  down,  and  (2)  to  transport  the  dredged  ma- 
terial in  scows  or  barges  and  then  place  it  hydraulically  in  the  disposal 
areas  with  local  water.  In  this  latter  case,  it  would  undoubtedly  be  ne- 
cessary to  use  coagulants  to  precipitate  the  solids. 

1.  Conclusions  - The  foregoing  study  has  indicated  several  aspects  of  land 
disposal  of  dredged  material  that  bear  on  the  feasibility  of  such  practices. 
The  most  important  of  these  aspects  are: 
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1.  Transporting  dredged  spoil  as  a slurry  in  pipelines  and  placino 
the  material  hydraulically  is  physically  possible  if  the  particles  are 
mutually  cohesive.  Either  sea  salts  or  a coagulant  will  make  the  par- 
ticles cohesive. 

2.  It  is  desirable  to  place  the  material  in  thin  layers  to  obtain  more 
uniform  drying  and  to  provide  access  by  earthmoving  equipment.  Less  than 
one-foot  (wet)  and  preferably  6 inches  appears  to  be  the  most  desirable 

thi ckness . 

3.  Careful  control  of  the  water  content  of  the  slurry  will: 

a.  Minimize  the  height  of  dikes  needed, 

b.  Minimize  the  supernatant  waters  to  be  treated  and  discharged, 
and 

c.  Allow  easy  spreading  of  material  over  large  areas 

4.  The  primary  ponds  should  be  filled  and  allowed  to  stand  without 
draining  for  approximately  a week  to  facilitate  reduction  of  BOD  in  the 
supernatant  water,  to  allow  consolidation  of  the  deposit,  and  to  remove 
suspended  solids  from  the  supernatant  waters. 

5.  Secondary  ponds  are  desirable  to  provide  protection  of  the  re- 
ceiving waters  from  disturbed  deposits  during  primary  pond  draining  and 
inadvertant  suspension.  Secondary  ponds  would  also  provide  short  term 
storage  when  discharge  on  ebb  tide  only  is  desired. 

8.  The  primary  pond  area  is  larqely  determined  by  the  need  for 
winter  storaoe  in  year- around  operation.  The  feasibility  of  using  land 
disposal  only  during  the  months  affording  high  drying  rates  (April  through 
September)  should  be  investigated  to  reduce  the  required  area. 

7.  "Conditioning"  spoil  to  accelerate  drying  should  be  appropriate 
to  future  intended  uses.  Agricultural  soil  material  should  not  be  com- 
pacted. Mechanical  "thickening"  with  rakes  or  other  equipment  to  release 
water  and  promote  dens ifi cation  during  the  first  day  or  two  of  exposure  of 
the  wet  deposit  should  be  investigated. 
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8.  Final  design  of  spreading  facilities  should  be  prceded  by 
additional  measurements  on  the  settling  and  drying  characteristics  of 
the  spoil,  model  studies  of  effluent  salt  distribution  in  Delta  waters, 
if  it  is  planned  to  locate  the  disposal  area  in  the  Delta,  and  consultation 
with  appropriate  agencies. 

6.3.7  Slurry  Processing 

A.  General  - The  ultimate  planned  use  of  a land  disposal  site  will  dictate 
the  required  amount  of  processing  of  the  settled  material.  If  development 
requiring  densely  compacted  fill  is  not  planned,  or  is  not  desirable,  as 
in  the  case  of  agricultural  lands,  the  slurry  may  be  spread  hydraulically 
and  not  processed  except  for  drying  and  possibly  scarifying,  as  described 
in  the  preceding  section. 

The  density  of  dredged  material  is  altered  during  the  transporting 
and  placing  process.  The  volume  increase  during  the  transport  phase  is 
extremely  variable,  ranging  from  as  high  as  a 500  percent  increase  where 
a hydraulic  dredge  is  used  to  as  low  as  10  percent  as  estimated  for  hopper 
dredges.  In  a few  days  after  placement  in  a disposal  area,  after  the  water 
has  been  decanted  off,  and  a film  has  started  to  form  on  the  slurry,  the 
volume  is  about  1.5  times  the  shoal  volume.  The  plot  on  Exhibit  C- 11  in 
Appendix  C illustrates  the  approximate  moisture/volume  relationships  in 
the  laboratory  for  five  of  the  samples  from  shoal  condition  to  an  oven- 
dry  condition.  For  a final  water  content  of  about  30  to  40  percent,  the 
reduction  in  volume  is  from  45  to  50  percent.  However,  it  should  be  noted 
that  for  actual  conditions  in  the  field  where  the  moisture  content  is  an 
average  of  30  to  40  percent,  the  moisture  content  will  vary  from  near  zero 
at  the  surface  to  possibly  60  to  80  percent  or  more  at  the  bottom  of  the 
layer.  In  the  field  there  will  also  be  significant  cracking  at  the  surface. 
Therefore,  the  actual  volume  in  the  field  would  be  more  than  indicated 
on  Exhibit  C-ll.  The  top  to  bottom  moisture  contents  become  more  widely 
separated  as  the  lift  thickness  increases. 
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Also  presented  on  Exhibit  C-ll  is  a comparison  of  compacted  volumes  of 
Sample  9 to  the  volumes  of  Samples  3,  7 and  12.  As  is  evident,  an  addi- 
tional decrease  in  volume  of  from  5 to  15  percent  or  more,  when  compared 
to  air  dry  conditions,  can  be  achieved  by  compaction.  In  general,  it 
can  be  said  that  a volumetric  decrease  of  2:1  can  be  obtained  if  the 
material  is  dried  and  compacted  in  the  disposal  area  - that  is,  the  volume 
in  the  disposal  site  would  be  50  % of  that  in  the  shoal. 

In  the  case  where  the  slurry  is  to  be  spread  hydraulically  with  no  pro- 
cessing, no  special  preparation  such  as  site  leveling  or  treatment  of  the 
surface  of  the  area  is  required  unless  future  differential  settlement  will 
be  a problem. 

In  another  case,  the  future  planned  use  of  a land  disposal  site  may  be 
such  that  it  is  desirable  to  place  imported  fill  material  on  top  of  the 
unprocessed  slurry  to  allow  it  to  support  light  to  moderate  loads.  In 
this  instance,  adequate  drying  time  will  be  necessary  to  allow  the  sur- 
face crust  of  the  slurry  to  develop  sufficient  strength  to  prevent  over- 
stressing by  the  new  fill.  Drying  time  will  vary,  depending  upon  how 
thick  the  slurry  fill  is  and  how  much  imported  fill  is  to  be  placed. 

In  all  cases,  it  will  be  necessary  to  place  a 12-  to  24-inch  working  pad 
of  uncompacted  fill  material  over  the  surface  crust  of  the  slurry.  As  the 
working  pad  is  beinq  pushed  across  the  pond,  additional  fill  can  be 
compacted  in  place  behind  it. 

This  additional  fill  will  cause  increased  consolidation  and  settlement 
of  the  slurry  fill  and  the  underlying  soils,  which  should  be  taken  into 
consideration  in  the  site  planning  process. 

B.  Processing  - It  may  be  desirable  or  necessary,  because  of  the  future 
planned  use  of  the  site,  to  process  or  "condition"  the  slurry  fill.  As 
noted  before,  the  compacted  spoils  will  have  a volume  of  approximately 
one  half  that  of  the  bank  run  volume,  which  increases  site  capacity.  The 
end  product  of  processing  can  be  material  compacted  in  place  to  form  an 
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engineered  fill  or  used  in  other  areas  as  an  imported  fill  material. 

The  compacted  dredged  spoils  have  maximum  dry  densities  varying  between  95 
and  116  pounds  per  cubic  foot  (pcf)  (using  testing  method  ASTM  D 1557-70  (c)  ) 
and  a shear  strength  of  about  1550  psf. 

Since  the  conditioned  material  has  reasonably  good  structural  qualities, 
it  could  possibly  be  in  demand  in  areas  where  fill  is  at  a premium.  How- 
ever, as  will  be  noted  later,  the  processing  costs  are  quite  high,  so  pro- 
cessing should  not  be  considered  unless  an  apparent  need  exists  for  the 
conditioned  material.  If  time  is  available,  processing  costs  may  be 
reduced  if  the  material  is  placed  in  thin  lifts  and  allowed  to  dry  to 
the  optimum  moisture  content  before  compacting  equipment  is  used. 

As  noted  earlier,  the  size  of  the  primary  pond  is  a function  of  the  quantity 
of  material  received,  the  intake  rate,  and  the  desired  thickness  of  the 
slurry  fill.  A high  quantity  of  fill  would  obviously  require  a greater 
area  than  a low  quantity.  Also,  a high  intake  rate  may  require  using  more 
than  one  pond  at  a time.  The  thickness  of  the  material  in  the  pond  can 
determine  how  quickly  the  material  can  be  processed  and  the  pond  made 
ready  for  reuse.  The  frequency  with  which  a site  would  be  used  will  also 
affect  the  operation.  A high  frequency  use  may  require  very  rapid  pro- 
cessing techniques,  where  a low  frequency  use  may  not. 

In  Section  6.3.6,  it  was  noted  that  the  best  results  in  dewatering  slurry 
ponds  are  obtained  by  spreading  the  slurry  in  thin  lifts  - the  suggested 
maximum  thickness  is  12  inches.  Slurry  can,  however,  be  placed  in  any 
desired  thickness.  The  ultimate  site  use,  the  desired  processing  time, 
use  of  the  processed  material,  and  the  processing  equipment  should  all  be 
considered  in  selecting  the  slurry  thickness.  The  evaporation  rate  at  the 
disposal  area  and  the  characteristics  of  the  slurry  such  as  shrinkage, 
settlement,  and  consolidation  should  also  be  considered. 

Past  experience  and  a review  of  the  literature  indicate  that  drying  times 
for  slurry  will  vary  from  1 1/2  to  2 months  for  6-inch  lifts  to  3 to  4 
seasons  for  48-inch  lifts.  The  foregoing  assumes  drying  to  a sliqhtly 
above  optimum  moisture  content,  which  will,  of  course,  vary  from  the  top 
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to  the  bottom  of  the  lift,  and  will  vary  considerably  throughout  the 
lift  with  a thick  layer.  It  also  assumes  drying  during  the  warm  season 
of  the  year;  during  the  winter  months  sufficient  area  will  have  to  be 
provided  for  storage. 

In  the  following  paragraphs,  drying  and  processing  of  slurry  in  thick- 
ness of  6 inches  or  less,  12  to  18  inches,  and  18  inches  and  above  will 
be  discussed.  It  is  assumed  in  all  cases  that  a sufficient  natural  sur- 
face crust  of  the  pond  bed  exists  or  has  been  developed. 

Before  the  slurry  can  be  processed,  time  must  be  allowed  for  decanting 
of  the  excess  water  into  retention  ponds.  At  the  first  sign  of  a scum 
forming  on  the  surface  of  the  material,  whi ch  is  expected  to  require  two 
or  three  days,  the  slurry  processing  may  begin. 

With  a six-inch  slurry  thickness,  evaporation  will  be  rapid,  settlement 
and  consolidation  will  be  minimum,  and  shrinkage  will  be  low.  Equip- 
ment should  be  able  to  aerate  (break  up  the  material  to  allow  maximum 
exposure  to  the  air)  this  thickness  rapidly;  therefore,  the  processing 
time  will  be  short.  The  material  should  be  aerated  approximately  every 
two  days.  Processing  should  take  four  to  six  weeks. 

Once  the  material  has  been  dried  back  to  just  above  optimum  moisture 
content,  compaction  can  begin.  If  the  material  is  allowed  further  drying, 
the  moisture  content  could  become  too  low  to  achieve  the  desired  degree  of 
compaction.  If  this  occurs,  the  costly  process  of  adding  water  to  mois- 
ture-condition the  material  will  be  required.  With  a thin  layer  of  the 
material  near  optimum  moisture  content,  the  desired  compaction  could  be 
achieved  using  conventional  equipment  and  methods. 

Placing  the  slurry  in  a thickness  of  12  to  18  inches  will  require  from 
several  days  to  two  weeks  for  the  decanting  and  initial  drying  process 
to  take  place.  Shrinkage  and  consolidation  will  be  greater,  slightly 
decreasing  the  fill  thickness. 


* 
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The  optimum  thickness  for  processing  will  fall  within  the  12  to  18  inch 
range  and  is  dependent  upon  the  equipment  used.  The  limiting  factor  is 
the  clearance  available  underneath  the  equipment  body.  If  the  slurry 
thickness  exceeds  this  clearance,  the  equipment's  efficiency  will  decrease 
rapidly  and  may  even  lead  to  immobility.  Experience  has  shown  that  the 
most  common  pieces  of  equipment  with  which  satisfactory  results  have 
been  attained  have  clearances  of  approximately  14  inches. 

When  the  material  has  been  aerated  by  equipment,  to  bring  the  moisture 
content  to  near  optimum,  compaction  can  begin.  However,  the  thickness 
of  the  material  will  prevent  obtaining  the  desired  degree  of  compaction  at 
the  bottom  of  the  fill  if  the  effort  is  applied  only  to  the  top.  Therefore, 
half  the  fill  thickness  will  have  to  be  either  hauled  off  and  used  else- 
where or  windrowed  to  the  side.  In  either  case,  the  bottom  half  is  then 
compacted  using  conventional  equipment.  If  the  material  has  been  wind- 
rowed,  it  can  be  placed  back  on  top  and  compacted.  If  it  is  desired  to 
remove  the  top  half,  light  self-loading  scrapers  or  loaders  and  dump 
trucks  can  be  used.  The  excess  material  can  be  used  to  construct  haul 
roads,  dikes,  or  working  pads  in  other  areas. 

Slurry  that  is  placed  in  thicknesses  greater  than  18  inches  will  require 
special  handling  techniques.  Because  such  depths  tend  to  immobilize  con- 
ventional processing  equipment,  it  is  not  recommended  to  try  to  aerate 
the  fill  with  this  equipment.  Specialized  equipment  may  be  designed  that 
will  work  satisfactorily;  however,  rone  has  been  developed  to  date. 

If  a layer  of  slurry  has  been  placed  in  a thick  lift  which  cannot  be 
worked, the  following  processing  procedures  may  be  used:  Once  the  slurry 

fill  has  been  decanted  and  while  still  in  semifluid  state,  a breach  in 
the  pond  dikes  is  made  and  the  slurry  is  allowed  to  flow  into  adjacent 
ponds.  Experience  indicates  that  for  four  feet  of  slurry,  approximately 
three  months  of  drying  time  is  required  for  the  material  to  become  cohesive 
enough  to  allow  it  to  spread  out  into  a thin  layer.  It  is  desirable  to  do 
the  spreading  while  the  material  is  semifluid  so  it  will  spread  by  itself, 
but  spreading  can  also  be  accomplished  later  when  the  material  becomes  more 
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cohesive.  In  the  latter  case,  the  dike  must  be  breached  and  the  equipment 
used  to  spread,  aerate,  and  haul  the  material  when  it  is  ready  for  compaction. 

For  successful  processing  of  thick  fills,  sufficient  land  adjacent  to 
: slurry  pond  is  required  to  spread  out  and  aerate  the  slurry  fill.  This 

area  must  have  a satisfactory  natural  surface  crust  or  one  must  be  devel- 
oped. However,  this  type  of  processing  has  the  advantage  that  it  does 
not  require  the  extensive  leveling  that  is  important  in  the  previous 
methods,  unless  differential  settlement  becomes  a consideration. 

As  noted  in  Section  6.3.6,  evaporation  plays  a key  role  in  determining 
when  the  material  can  be  processed,  and  evaporation  data  should  be  used 
as  guide  for  determining  the  working  season.  The  working  season  should 
be  the  five  to  seven  months  of  the  year  witn  the  highest  evaporation  rates. 
This  generally  limits  operations  to  the  months  of  April  through  September, 
although  this  may  vary  for  a specific  site  and  a specific  year.  Beyond 
these  dates,  disposal  operations  can  continue,  but  the  efficiency  of  slurry 
processing  is  greatly  reduced  and  costs  may  increase  substantially.  How- 
ever, other  work  such  as  slurry  placement  and  some  site  preparation  can 
be  done  during  the  remaining  months. 

There  are  other  methods  for  dewatering  dredged  spoils  which  can  possibly 
be  used  in  lieu  of  or  in  addition  to  evaporation.  In  the  Northwestern 
University  report,  (Ref.  57)  for  instance,  reference  is  made  to  such  tech- 
ques  as  gravity  and  vacuum  drainage,  electro-osmosis,  sand  drains,  and 
consolidation  under  an  applied  load.  Considering  the  large  volumes  of 
material  involved,  however,  it  is  doubtful  that  these  methods  would  be 
economically  feasible  in  an  operation  of  the  size  contemplated  here. 

C.  Equi pment  - Experienced  gained  at  the  Redwood  Shores  project  near  Red- 
wood City,  California  indicates  that  the  most  satsifactory  pieces  of  equip- 
ment for  movement  and  aeration  of  the  slurry  material  are  small  tracked 
dozers  of  the  Caterpillar  D6-C  size  for  the  bulk  of  the  work  and  the  John 
Deere  JD450-B  size  for  the  very  soft  areas.  These  tractors  should  be 
equipped  with  24-inch  tracks  and  two-inch  grousers  to  increase  traction 
and  reduce  pressure.  Larger  and  heavier  equipment  can  be  used  if  the 


surface  crust  is  of  sufficient  strength  and  wearability  to  prevent  de- 
terioration of  the  working  surface  or  of  successive  fill  layers.  Experi- 
mentation will  be  required  at  each  site  to  determine  how  large  the  equip- 
ment can  be. 

Specialized  aeration  equipment  has  been  used  with  some  success,  especially 
large  multiple  discers  towed  behind  tractors.  Other  equipment  will  have 
to  be  evaluated  on  an  experimental  basis,  with  specific  attention  given  to 
performance  and  the  effect  on  the  surface  crust. 

For  compaction  of  clayey  dredged  spoils,  a sheepsfoot  roller  towed  by  a 
tractor  appears  to  give  the  best  results.  Self-propelled  compactors  have 
a tendency  to  become  bogged  down  in  wet  clays.  If  the  material  is  some- 
what silty  or  sandy,  the  self-propelled  compactors  should  be  considered 
In  very  sandy  slurry  fills,  rubber-tired  rollers  will  provide  good  com- 
paction results  and  can  also  be  used  to  seal  off  clayey  areas  if  rain 
is  imminent. 


6.3.8 


A.  General  - To  arrive  at  comparative  costs  for  development  and  operation 
of  land  disposal  sites,  two  representative  sites  were  chosen  for  conceptual 
development.  The  first  is  representative  of  the  North  Bay  sites  and  includes 
the  lower  Petaluma  site  and  part  of  Tubbs  Island;  the  second  is  repre- 
sentative of  the  Delta  islands  and  includes  the  eastern  part  of  Sher- 
man Island  and  all  of  the  adjacent  Jersey  Island.  These  sites  are  shown 
on  Plates  VI-9  and  VI-11  respectively. 


The  site  configurations  were  chosen  so  that  the  areas  would  be  approx- 
imately equal  (7400  acres  for  the  Petaluma  site  and  7200  acres  for  the 
Delta  site).  The  Petaluma  site  would  have  a capacity  of  119,400,000 
cubic  yards  and  the  Delta  site  116,100,000  cubic  yards  if  the  dredged 
material  were  placed  in  a 10-foot  thickness,  and  the'  ratio  of  shoal  to 
disposal  site  volumes  were  1:1.  Assuming  a ratio  of  shoal  volume  to 
disposal  site  volume  of  2:1,  such  as  it  could  be  if  the  material  were 
conditioned  as  described  in  Section  6.3.7,  the  capacities  of  the  sites 
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would  be  238,800,000  cubic  yards  for  the  Petaluma  site  and  232,200,00 
cubic  yards  for  the  Delta  site.  Therefore,  either  site  could  hold  the 
twenty  year  total  of  material  used  for  this  study  (Chapter  III).  The 
sites  could,  of  course,  accommodate  more  than  this  volume  because  of 
consolidation  of  underlying  soils,  but  it  was  assumed  that  a 10-foot 
lift  thickness  would  be  the  maximum  which  could  be  placed  in  a 20  year 
period  because  of  drying  requirements. 

Other  criteria  for  selecting  the  sites  were: 

• Access  - The  Petaluma  site  is  ideally  located  near  the  center 
of  gravity  of  Bay  dredging  and  could  be  reached  by  pipeline  from  the 
San  Pablo  Bay  transfer  point  or  a dredged  charnel  up  the  Petaluma  River. 

The  Delta  site  is  farther  from  the  center  of  dredging  activity,  but  could 
be  reached  from  the  deep  water  channels  of  the  San  Joaquin  or  Sacramento 
Rivers  or  by  pipeline  from  San  Pablo  Bay. 

• Size  - In  addition  to  the  7000+  acres  delineated  for  this  study 

at  each  site  there  are  many  thousands  of  acres  of  similar  land  adjacent  to 
both. 

• Topography  - Both  sites  are  relatively  flat  and  would  require 
a minimum  of  site  leveling. 

• There  do  not  appear  to  be  major  adminstrati ve  or  environmental 
restraints  to  development,  although  these  factors  would  have  to  be  sub  • ’ 
of  further  study. 

One  other  potential  site  which  was  considered  earlier,  Montezuma,  was  not 
explored  in  detail  in  the  present  study  because  of  its  smaller  size  (3500 
acres  ),  and  the  fact  that  a site  review  revealed  that  site  preparation 
work  would  be  extensive. 

B.  Petaluma  Site  - This  site,  shown  in  its  present  state  in  Plate  VI-9  and 
as  conceptually  developed  on  Plate  VI-10,  was  described  in  detail  in 
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earlier  sections  of  this  chapter.  Some  of  the  main  restrictions  to 
development  are  the  high  tension  power  lines  crossing  the  site  which 
will  have  to  be  protected  by  jacketing  the  tower  legs  with  concrete  or 
by  raising  the  towers. 

It  is  proposed  to  accommodate  surface  drainage  from  the  hills  to  the  east 
by  diverting  it  into  channels  across  the  pond  area  as  shown  in  Plate  VI-10 
The  water  would  have  to  be  pumped  over  the  levee  at  locations  as  shown  on 
the  drawing  or  culverts  with  flapgates  provided  throuqh  the  levee.  Site 
preparation  would  consists  of  filling  and  levelling  as  described  in  Section 
6.3.3. 

It  was  assumed  for  this  study  that  existing  peripheral  dikes  will  require 
repair  work.  Also,  they  will  have  to  be  built  up  as  filling  progresses 
and  subsidence  takes  place.  The  railroad  and  highway  crossing  the  site  will 
also  have  to  be  protected  by  dikes. 

Primary  ponds  will  be  laid  out  using  the  criteria  of  Section  6.3.6.  In 
general,  they  are  oriented  in  a north-south  direction  to  decrease  the 
effect  of  turbulence  caused  by  the  prevailing  westerly  winds,  and  are  con- 
figured with  an  approximate  length  to  width  ratio  of  5:1.  Because  of  ad- 
verse topography,  they  could  not  be  laid  out  with  the  inlet  at  the  south  end, 
as  suggested  in  Section  6.3.6,  but  the  effect  of  the  north  wind  is  not  as 
critical  here  as  in  Delta.  The  dikes  forming  the  ponds  will  be  built 
in  increments  every  three  or  four  years,  providing  adequate  freeboard  at 
all  times,  as  outlined  in  Section  6.3.6. 

Access  to  the  site  for  the  slurried  material  would  probably  be  by  pipeline 
from  the  San  Pablo  Bay  transfer  station  as  shown  on  Plate  VI-10.  Another 
alternative  would  be  to  use  the  turning  basin  shown  in  the  same  drawing, 
which  would  in  addition  require  dredging  and  maintenance  of  a deep  water 
channel  in  the  Petaluma  River.  The  distribution  pipelines  would  be  laid 
out  as  shown  on  Plate  VI-10  with  outlet  gates  at  the  entrances  to  the 
ponds.  The  effluent  from  the  ponds  would  be  drained  off  by  weirs  or  sluices 
with  removable  stoplogs  into  ditches  leading  to  the  secondary  ponds  for 
later  discharge  to  the  Bay. 
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Costs  associated  with  the  development  and  operation  of  this  site  have 
been  estimated  to  be  as  follows: 


Capital  Costs * 


Acquisition 
Dikes,  weirs,  ditches 
Distribution  System 
Drai nage 

Utility  relocation/protection 


Annual  Capital  Cost 
Average  Annual  0 & M Cost 


7400  acres  0 SlOOO/acre 


Total 


S 7,400,000 
6,000,000 
2,500,000 
200,000 
700,000 

16,800,000 


0 6 7/8  % interest  (20  yrs)  = 1,570,000 

300  ,000 

Total  $1,870,000 


Site  Volume  = 119,400,000,  cu.  yds 

or  approximately  119,400,000  * 20  = 5,970,000  cy  per  year 


Unprocessed  Material: 

If  air  dry  volume  = 60  % of  shoal  volume. 


Volume  deposited  per  year  = 5,970,000 

0.6 


= 9,950,000  cy 


Unit  Site  development  cost  = 1,870,000  *■  9,950,000  = $0.19  per  cy 


Processed  Material 
Additional  Costs: 

(1)  Site  preparation  0 $500  per  acre 
7400  x 500  = $3,700,000 


or 


346,000  per  year  (20  years  0 6 7/8%  ) 

turning  basin/rehandling  facility  is  assumed  to  be  a transfer 
station  and  its  cost  was  included  in  the  transportation  cost  of  the 
system  in  which  it  was  used. 


Processed  Material  (Contd.) 


(2)  Processing  cost  = 0.40  per  cy 

Assuming  50  % reduction  in  volume  due  to  processina 


5,970,000 

0.5 


= 11,940,000  cy  per  year 


Costs 

Development  = $1,870,000  per  year 

Site  preparation  346,000 

Total  $2,216,000 


$2,216,000  11  ,940,000  =$  0.19  per  cy 

Processing  cost  0.40  per  cy 

Total  $0.59  per  cy 


C.  Sherman/Jersey  Island  Site  - This  area  was  also  discussed  in  detail 
earlier  in  this  chapter.  It  is  shown  in  itspresent  state  in  Plate  VI-11 
and  as  conceptually  developed  in  Plate  VI-  12  . As  can  be  seen  from 
Plate  VI-  li  , there  are  numerous  power  lines,  gas  lines,  and  gas  wells  on 
Sherman  Island,  especially  the  western  part;  this  was  the  reason  for 
planning  the  pond  location  on  the  eastern  half  of  the  island  and  on  Jersey 
Island,  which  is  relatively  clear  of  obstructions. 

The  question  has  arisen  as  to  the  possible  effect  of  the  fill  on  the  natural 
gas  production  from  the  formations  under  the  Delta.  It  was  found  that  because 
of  the  great  depth  of  the  producing  horizons  (Ref.  39),  deposition  of  mud 
should  have  no  effect  upon  gas  production.  Provision  would  have  to  be  made, 
however,  for  raising  or  diking  off  the  above-qround  part  of  the  wells  and  re- 
locating or  protecting  gas  pipelines. 
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Conceptual ly,  a diked-off  corridor  for  the  high  voltage  lines  crossing  the 
disposal  areas  on  the  eastern  part  of  Sherman  Island  and  on  Jersey  Island 
was  provided.  Peripheral  levees  on  the  islands  were  assumed,  as  in  the 
case  of  the  Petaluma  site,  to  require  repairs  and  maintenance.  Ponds  and 
interior  dikes  will  be  laid  out  and  constructed  in  a manner  similar  to  those 
on  the  Petaluma  site,  and  with  distribution  and  drainage  facilities  as  shown 
on  Plate  VI-12.  Ponds  are  laid  out  in  a north-south  direction,  have  a 
length  to  width  ratio  of  approximately  5:1,  and  have  their  outlets  on  the 
north  ends. 

Access  to  this  site  would  be  by  pipeline  from  the  San  Pablo  Bay  transfer  point, 
from  a barge-mounted  transfer  unit  moored  adjacent  to  the  site,  or  from  a 
rehandling  facility  at  the  turning  basin  shown  on  Plate  VI-12. 

Costs  associated  with  the  development  and  operation  of  this  site  would  be  as 
follows: 

Capital  Cost* 


Acquisition  7200  acres  @ $800/acre  $ 5,760,000 

Dikes,  weirs,  ditches  5,300,000 

Distribution  System  2,600,000 

Drainage  200,000 

Utility  relocation/protection  500,000 

Total  $14,360,000 

Annual  capital  cost  0 6 7/8  % interest  (20  years)  = $ 1,340,000 

Average  annual  0 & M cost  300,000 

Total  Annual  Cost  $ 1,640,000 


* As  at  the  Petaluma  Site,  the  turning  basin/rehandling  facility  was 
included  in  previous  calculations  as  part  of  the  transport  system. 
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Site  Volume  = 116,100,000  cubic  yards 

or  approximately  116,100,000  r 20  = 5,805,000  cy/yr 

Unprocessed  Material 

Assuming  volume  of  air  dried  material  in  disposal  area 
= 60%  of  shoal  volume 

Volume  deposited  per  year  = 5’8q5»P°P  = 9,675,000  cy 

Unit  site  development  cost  = g *675 *bb0  = $0.17/cy 

Processed  Material 

Additional  Costs: 

(1)  Site  Preparation  0 $2000  per  acre 

7200  x 2000  = $14,400,000 

or 

$1,350,000  per  year  (20  years  @ 6 7/3  %) 

(2)  Processing  costs  = $0.40  per  cy 

Assuming  50%  reduction  in  volume  due  to  processing 

volume  = 5.805,000  = i l ,610, 000  cy  per  year 


Costs : 

Development 
Site  preparation 


= $ 1 ,640,000  per  year 
= 1 ,350,000  per  year 


Total 

2,990,000 
11 ,610,000 


$ 2,990,000  per  year 
=$  0.26  per  cy 


Processing  Cost 


Total 


6.4  ENHANCEMENT  AND  FUTURE  USE 


6.4.1  General  - If,  after  a review  of  all  perinent  factors,  it  is  deter- 
mined that  dredged  material  disposition  will  be  on  land,  adequate  consider- 
ation should  be  given  to  the  use  and  improvement  of  the  areas  during  and 
after  placement  of  the  material.  It  would  most  likely  be  environmentally 
and/or  esthetically  unacceptable,  and  unsound  from  an  engineering  stand- 
point, to  leave  large  areas  of  dredge  spoil  without  some  degree  of  improve- 
ment. Also,  the  concept  of  land  disposal  of  dredged  material  may  find 
greater  public  acceptance  if  it  can  be  shown  that  disposal  areas  can  be 
improved  after  placement  of  dredged  material. 

The  degree  of  enhancement  or  improvement  provided  at  a disposal  site  will 
have  a bearing  on  the  future  use  of  the  area  and  the  cost  of  the  improve- 
ment. Depending  on  the  degree  of  improvement,  certain  uses  of  the  area 
may  be  possible,  while  other  uses  may  be  precluded  because  of  the  charac- 
teristics of  the  improved  material.  For  example,  if  the  dredged  material 
is  allowed  to  dry  without  compaction  and  given  a minimum  of  surface  treat- 
ment with  construction  equipment,  it  might  be  used  for  development  as  a 
wildlife  habitat  if  revegetation  is  encouraged.  If  the  soil  is  leached 
and/or  topsoil  imported,  a park,  recreational  area,  or  agricultural  area 
might  be  developed.  Finally,  if  the  material  is  compacted  as  described 
in  earlier  sections  of  this  chapter,  it  would  be  possible  to  use  it  as 
an  engineered  foundation  for  certain  types  of  structures. 

Some  of  the  benefits  from  disposal  area  improvements  will  be  measurable, 
such  as  increased  land  values  and  income  from  the  property,  while  others 
will  be  intangible  such  as  aesthetic  and  wildlife  enhancement.  Additional 
costs  will  be  incurred,  regardless  of  the  degree  of  improvement  or  enhance- 
ment, and  the  goal  of  a wel 1 -engineered  program  should  be  to  arrive  at  a 
favorable  ratio  of  benefits  to  costs. 

6.4.2  Open  Space  Use  - Although  the  spoi  1 disposal  area,  or  portions  of 
it,  will  be  removed  from  its  present  use  for  the  period  during  which  the 


material  is  being  placed,  it  could  still  be  classed  ultimately  as  "open 
space"  if  it  is  used  for  agriculture,  recreation,  or  wildlife  habitat 
purposes.  These  uses  are  discussed  in  the  following  paragraphs. 

• Agricultural  Use  - In  the  Waterways  Experiment  Station  (WES) 
publication  on  dredged  material  confinement  (Ref.  52),  it  is  noted  that 
dredged  material  could  possibly  serve  as  a growing  medium  for  many  crops, 
and  reference  is  made  to  successful  use  of  dredged  material  for  this  pur- 
pose in  several  locations,  although  the  characteristics  of  the  material 
are  not  described. 

To  assess  the  feasibility  of  using  dredged  material  from  San  Francisco 
Bay  as  an  agricultural  soil,  laboratory  analyses  of  samples  of  sediments 
from  the  dredging  sites  (Appendix  B)  were  reviewed  by  Professor  C.C.  Delwiche 
of  the  Department  of  Soils  and  Plant  Nutrition  of  the  University  of  Cal- 
ifornia at  Davis.  Dr.  Delwiche  concluded  that  there  is  nothing  in  the  la- 
boratory data  which  would  exclude  the  use  of  the  sediments  for  a number  of 
applications,  including  use  as  a soil  directly  for  agricultural  application 
or  as  a fill  covered  with  tillable  soil.  His  specific  observations: 

• Textural  Analysis  - The  material  consists  largely  of  silt  and 
flocculated  clays  characteristic  of  most  basin  and  estuarial  sediments. 

Data  on  exchangeable  cations  (not  including  hydrogen  ion)  correlate  the 
fact  that  clay  content  is  high.  Organic  content  is  assumed  to  be  less 
than  10%. 


• Sodium  Content  - Exchangeable  sodium  is  high,  giving  calculated 
values  as  follows: 

L ab . No . & Source  % Exchangeable  Na* 


20475 

San  Francisco 

57 

20476 

Redwood  City 

61 

20478 

Oakland 

67 

20483 

Mare  Isl and  Strai t 

59 

* Calculations  based  upon  the  assumption  that  Na+,  K+  and  £a++  were  prin- 
cipal adsorbed  cations  with  no  significant  quantity  of  H or  other  ca- 
tions being  present. 
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• Heavy  Metals  - In  general,  heavy  metals  data  are  not  disturbingly 
high,  when  compared  with  proposed  EPA  guidelines  for  sediment  pollutants. 
Figures  on  cadmium  appear  somewhat  high.  This  may  reflect  the  common  ten- 
dency for  cadmium  to  be  concentrated  in  sediments.  Atomic  absorption  analy- 
sis for  cadmium  is  subject  to  a number  of  interfering  phenomena  which  may 
introduce  error,  however,  so  these  values  may  be  deserving  of  more  careful 
study.  Figures  given  (with  the  exception  of  Sample  20476,  Redwood  City) 

are  below  an  arbitrarily  assumed  maximal  value  of  0.5  ppm  for  soils  for 
agricultural  application. 

Data  on  mercury  are  not  included. 

• Sulfide  Content  - Available  data  do  not  indicate  the  extent  to 
which  insoluble  sulfides  may  be  present  in  this  material.  Iron  sulfide, 
if  present  in  significant  quantities,  could  result  in  the  formation  of 
highly  acid  "cat"  clays  upon  exposure  of  such  materials  to  air. 

• Tentative  Conclusions  - Available  data,  although  they  do  not 
exclude  the  possibility  of  application  of  this  material  for  agricultural 
use, suggest  the  following: 

1.  Exchangeable  sodium  is  sufficiently  high  to  classify  these 
sediments  as  "sodic."  The  calcium  content  is  comparatively  high,  suggest- 
ing that  reclamation  for  direct  agricultural  use  would  be  possible. 

2.  The  comparatively  high  exchange  capacity  for  all  samples  in- 
dicates the  possibility  of  a considerable  (but  not  necessarily  objec- 
tionable) organic  content. 

3.  The  high  exchangeable  sodium  values  indicate  that  the  material 
is  dispersed.  It  is  possible  therefore  that  foragricul tural  application 
the  addition  of  gypsum  would  be  necessary  to  encourage  flocculation  and 
aid  in  consolidation  and  drainage. 
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• Recommended  Future  Study  - Depending  upon  intended  application 
it  would  be  desirable  to  initiate  further  studies  directed  toward  answering 
some  questions  posed  by  available  data.  These  include  (not  necessarily 
in  order  of  priority) : 

1.  Further  careful  study  of  cadmium  content. 

2.  Determination  of  mercury  content. 

3.  Determination  of  sulfide  content  including  insoluble  (e.g., 
iron)  sulfides. 

4.  Direct  field  trial  of  test  plots  of  the  material.  Such  trials  on 
modest  10'  x 10'  x 6"  plots  including  plant  growth  studies  and  analysis 

of  plant  tissues  probably  would  be  most  revealing. 

In  the  same  WES  publication  previously  cited,  (Ref.  52  ) the  practice 
of  removing  and  stockpiling  topsoil,  and  later  replacing  the  topsoil  over 
the  dredged  material  is  described.  Another  possibility  for  improving  the 
value  of  the  dredged  material  as  an  agricultural  soil  is  by  mixing  sand  or 
humus  with  it  to  improve  its  properties  as  a crop-growing  medium.  Surplus 
agricultural  products  could  be  utilized  as  admixtures  to  improve  the  quality 
of  the  dredged  material  for  agricultural  use.  For  example,  rice  hulls, 
which  are  a surplus  commodity  at  the  Port  of  Sacramento,  could  possibly  be 
used.  Another  interesting  possible  utilization  of  surplus  material  in 
conjunction  with  dredge  spoils  was  suggested  during  discussions  with  per- 
sonnel involved  in  the  Bay  Delta  Resource  Recovery  Demonstration  project, 
which  is  a project  to  investigate  the  use  of  processed  solid  waste  from 
the  Bay  Area  for  strengthening  levees  in  the  Sacramento-San  Joaquin  Delta. 
Study  could  be  made  of  the  possibility  of  mixing  the  dredged  material  with 
the  processed  solid  waste  to  improve  the  structural  characteristics  of  the 
latter  material  and  also  of  using  the  combination  of  the  two  for  agricultural 
uses.  It  is  conceivable  that  processed  sewage  sludge  could  be  used  for  the 
same  purpose 


6 - 91 


I 


• Wildlife  Habitat  Creation  - One  of  the  studies  being  conducted  by 
the  San  Francisco  District,  as  part  of  the  Dredge  Disposal  Study  (Ref.  1 ) 
is  to  determine  the  potential  for  creating  artificial  marshland  in  the  Bay, 
which  involves  the  partial  filling  of  abandoned  salt  evaporation  ponds  with 
dredged  material.  A similar  operation  could  be  carried  out  at  some  of  the 
low-lying  disposal  sites  noted  earlier  in  Section  6.2.  Wildlife  habitat  could 
also  be  created  by  the  construction  of  "spoil  islands"  as  described  in 
Ref.  51,  although  this  utilization  of  dredged  spoil  was  felt  to  be  beyond 
the  scope  of  our  study.  Habitat  could  also  be  created  at  disposal  sites 
above  the  tidal  range  by  encouraging  the  growth  of  natural  vegetation  and 
creating  feeding  and  nesting  areas  for  birds,  feed  and  cover  for  small  game, 
etc. 


t Recreational  Areas  - As  California  becomes  increasingly  urbanized, 
it  is  recognized  more  and  more  that  there  is  a growing  need  for  parks  and 
recreational  areas.  The  WES  report  (Ref.  52)  notes  several  instances  of 
actual  or  proposed  utilization  of  disposal  areas  in  other  parts  of  the  country 
for  parks.  Other  recreational  uses  could  include  golf  courses,  playing  fields, 
marinas,  fishing  areas  and  many  others. 

Recreational  use  of  a dredge  disposal  area  would  undoubtedly  have  a high  de- 
gree of  public  acceptance.  It  would  also  have  the  advantage  that  a minimum 
expenditure  would  be  required  for  compaction  or  consolidation  of  the  dredged 
material . 


6.4.3  Engineered  Fill-  The  use  of  the  conditioned  dredged  spoil  as  an 
engineered  fill  which  could  be  used  for  support  of  structures  was  discussed 
earlier  in  this  chapter.  Experience  obtained  at  Redwood  Shores  and  elsewhere 
indicates  that  light  construction  can  be  accomodated  on  an  engineered  fill 
of  bay  mud.  Moore  and  Chryssafopoulos  (Ref.  64  ) point  out  that  structures 
and  facilities  can  be  designed  for  sites  where  substantial  future  subsidence 
is  expected  by  one  of  the  following  methods:  (1)  Rigid  design;  (2)  Flex- 

ible design;  (3)  Hinged  or  articulated  design;  and  (4)  design  for  maintenance. 
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As  noted  earlier,  the  dredged  material  is  predominately  a silty  clay. 

One  method  of  stabilization  which  has  been  used  successfully  elsewhere 
is  to  mix  it  with  lime.  It  could  be  productive  to  investigate  the  tech- 
nical and  economical  feasibility  of  this  alternative. 

6.4.4.  Correcting  Existing  Problems  - Placement  of  dredged  material  at 
some  sites  could  correct  existing  problems  such  as  subsidence,  erosion,  poor 
drainage,  unstable  levees,  etc.  These  benefits  would  generally  accrue  and 
be  independent  of  the  ultimate  utilization  of  the  site. 

Subsidence  in  the  South  end  of  the  Bay  due  to  ground  water  extraction,  which 
was  noted  in  Section  6.2,  could  be  alleviated  by  placement  of  dredged  fill, 
if  it  were  properly  engineered. 

• The  use  of  dredged  spoi  1 to  prevent  or  deter  bank  erosion  is  noted  in 
Ref.  51,  but  this  use  would  be  limited  to  selected  sites  because  of  the 

low  erosion  resistance  of  most  of  the  dredged  material  in  the  Bay. 

• An  important  beneficial  use  of  dredged  spoil  in  the  Delta  would  be 
to  blanket  the  peat  layer  to  prevent  its  decomposition  by  oxidation,  since 
this  is  a primary  cause  of  subsidence  of  the  Delta  islands. 

• The  use  of  dredged  fill  in  combination  with  processed  solid  waste 
to  stabilize  the  levees  in  the  Delta  was  noted  earlier 

• At  many  locations  around  the  Bay,  areas  have  been  diked  off  in  the 
past  for  use  as  salt  evaporation  ponds,  farmland,  etc.  Since  the  diked  land 
is  usually  below  sea  level,  all  surface  drainage  must  be  pumped  out.  If 
dredged  material  were  placed  in  such  an  area,  the  pumping  requirement  would 
be  reduced  or  eliminated. 
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PHYSICAL  PROPERTIES  OF  BAY  SEDIMENTS 


Apparent 

Force  * 

to 

Percent 

Water 

7 Passi 

Location 

Density,  gm/cc 

Penetrate , 

lbs . 

PW 

PWW 

*200  Si 

San  Francisco 

1 .48 

85 

74.5 

42.7 

69 

Redwood  Creek 

1.33 

100 

172.0 

63.3 

81 

Redwood  Creek 

1.38 

90 

140.5 

58.5 

Oakland  Outer  Harbor 

1 .43 

115 

123.5 

55.3 

99 

Richmond  Harbor  Entrance 

1.52 

185 

75.9 

43.2 

86 

San  Rafael  Creek 

1.39 

185 

113.0 

53.0 

96 

Pinole  Shoal 

1.64 

300** 

72.3 

42.0 

55 

Pinole  Shoal 

1.64 

300** 

41.3 

29.2 

Mare  Island  Strait 

1.30 

136 

102.0 

50.5 

99 

Suisun  Bay 

1.64 

285 

49.3 

33.0 

48 

Napa  River 

1 .61 

100 

82.0 

45.1 

64 

Petaluma  River 

1.39 

60 

111.8 

52.8 

99 

★ 

★ ★ 


Loading  on  3"  core  penetrating  2 ft  of  sediment. 

Estimated  from  free  fall  of  145  lb  core  device  through  water  column 
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CHAPTER  VII 


CHAPTER  V] I 
COST  COMPARISON  MODEL 


7.1  GENERAL 

A mathematical  simulation  model  was  developed  by  Teknekron,  Inc.,  of  Ber- 
keley to  compare  alternative  dredging/transport  systems.  Using  input  data  on 
dredging  and  disposal  sites  as  well  as  on  dredging  and  transport  equipment, 
the  model,  with  the  aid  of  a digital  computer,  can  rapidly  compare  various 
systems  on  a unit  cost  basis.  Although  model  input  used  in  this  study 
reflects  currently  and  potentially  available  dredging  and  disposal  sites 
and  dredging/transport  systems,  the  flexibility  of  the  model  program  will 
allow  modifications  and  new  input  for  future  use. 

The  following  paragraphs  describe  the  input  data  used  and  the  operation  of 
the  model.  Finally,  results  of  the  computer  run  of  the  model  are  discussed 
and  specific  comparisons  displayed. 

7.2  DATA  INPUT 

7.2.1  Site  Characteristics-  Basic  data  for  operation  of  the  computer  pro- 
gram include  the  locations  of  and  distances  between  the  dredging  and  disposal 
sites  and  the  volumes  and  sequencing  of  dredging  during  the  twenty-year  per- 
iod studied.  In  Chapters  III,  V,  and  VI  respectively,  the  dredging  sites, 
aquatic  disposal  sites,  and  potential  land  disposal  sites  are  described. 

The  centers  of  gravity  of  the  twelve  dredging  sites  and  the  seven  aquatic 
disposal  sites,  as  well  as  selected  land  disposal  sites,  were  located  on 
appropriate  maps  or  charts,  and  the  distances  between  them  were  measured 
along  the  most  practicable  routes  and  tabulated.  The  volumes  of  material 
from  each  dredging  site  used  in  the  study  are  those  listed  in  Table  1 1 1 - 1 . 

For  the  computer  program,  it  was  assumed  that  dredging  was  occuring  at  all 
dredging  sites  during  the  year,  which  is  not  strictly  in  conformance  with 
Table  1 1 1 - 1 , since  some  sites  are  not  dredged  every  year.  For  comparison, 
a computer  run  was  also  made  for  the  full  20-year  period,  1975-1994,  using 
volumes  shown  in  Table  1 1 1 - 1 , and  it  was  found  that  there  was  little  sig- 
nificant change  in  costs. 
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7.2.2  Equipment  - Dredging,  transport,  and  transfer  equipment  was  described 
in  Chapter  IV.  Equipment  characteristics,  including  dredging  rates,  tug  and 
hopper  dredge  speeds,  hopper  dredge  production  rates  and  cycle  times,  and 
hourly  costs  of  all  equipment  were  used  as  input  data. 

7.2.3  System  Combinations-  Dredging,  transportation,  and  transfer  systems 
described  previously  were  combined  in  several  different  ways  to  test  for  the 
least  costly  system  or  combination  of  systems.  In  a later  section  the  eco- 
nomical alternatives  will  be  described. 

i 

To  assist  in  visualizing  the  various  systems.  Tables  VII-1  and  VI I -2  were 
prepared.  Table  VII-1  briefly  outlines  the  operational  sequencing  of  each 
system.  Table  VI 1-2 , extracted  from  the  computer  printout,  lists  the  108 
systems  studied.  The  information  displayed  in  this  table  is  described 
below  for  clarification. 

In  the  columns  after  the  method  (system)  number,  the  equipment  is  de- 
scribed: Clam  (3  sizes),  hydraulic  (4  sizes),  and  hopper  dredges  (2 

types  -H-l , conventional  bottom  dump  type,H-2,  modified  for  direct 
pumpout).  The  notations  "HI"  and  "L0"  after  the  clam  and  hydraulic 
dredge  descriptions  indicate  equipment  of  high  and  of  average  production 
rates,  respectively.  The  next  column  indicates  that  a scow  is  used 
in  the  system,  either  S-l  (bottom  dump)  or  S-2  (hopper).  The  following 
column  describes  the  transfer  unit,  if  used;  numbered  TU-1  through  TU-10 
(See  Chapter  IV  for  descriptions  of  these  units).  The  symbols  TEH  22  IN 
or  TEM  28  IN  indicate  a 22"  or  28"  temporary  pipeline,  if  used  in  a system, 
and  FIX  28  indicates  a 28"  fixed  (permanent)  pipeline.  The  letters  B,  C,  or 
D indicate  the  San  Pablo  Bay  rehandling  basin,  the  San  Pablo  Bay  pipeline 
terminus,  and  a rehandling  basin  at  a land  disposal  site,  respectively. 

In  the  last  column  of  Table  VI 1-2,  the  disposal  site  is  described,  including 

' restrictions  on  its  use,  for  example,  LT  (less  than)  or  GT  (greater  than)  a 

prescribed  number  of  miles  ( a function  of  pumping  capacity)  and  "land 
except  Petaluma"  (listed  as  a constraint  because  the  Petaluma  site  is  not 
on  a deep  water  channel,  so  a system  involving  pumpout  through  a transfer 

I 

* 

n 
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unit  anchored  at  the  site  is  not  feasible). 

7.2.4  Disposal  Sites  - As  noted  earlier,  aquatic  disposal  sites  con- 
sist of  fixed  points  in  the  Bay  or  offshore  which  can  be  reached  by  hopper 
dredges,  scows,  pipelines,  or  combinations  of  these.  Land  disposal  sites 
were  discussed  in  Chapter  VI.  The  dredging  sites  and  aquatic  disposal  sites 
specified  in  the  Scope  of  Services,  as  well  as  the  Petaluma  and  Sherman 
Island  land  disposal  sites,  were  used  in  the  model  studies.  The  model 
will,  however,  accept  changes  to  these  sites  if  the  need  arises  in  the 
future. 

7.3  MODEL  OPERATION 

Utilizing  the  data  input  described  in  the  previous  section,  the  computer 
program  simulates  and  computes  the  least  cost  operations,  using  various 
optimization  routines. 

Given  a dredge  site,  disposal  site,  and  transportation  system,  the  program 
computes: 

• Time  and  cost  of  dredging 

• Least  cost  tug  and  scow  operation,  if  applicable 

• Cost  of  installation  and  operation  of  temporary  and  fixed  pipelines, 
if  used 

• Cost  of  transport  methods  based  on  time,  volumes,  and  dredging  rates 

• Cost  of  operation  of  mobile  and  fixed  transfer  installations. 

The  program  will  analyze  any  combination  of  dredging  sites,  disposal  sites, 
and  transportation  systems  and  will  find  the  least  cost  dredging  and  trans- 
portation system  for  each  dredging  and  disposal  site.  The  entire  dredging 
program  for  the  Bay  may  be  analyzed,  or  any  parts  of  it,  on  a yearly  basis. 

The  program  does  several  things  internally: 

• The  tug/scow  operation  Is  optimized  to  determine  the  combination  of 
tug  and  scow  to  give  the  least  cost  operation. 

• For  a given  dredging  operation,  based  on  equipment  yearly  availability, 
the  program  determines  if  more  than  one  dredge  unit  is  required. 
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• For  systems  that  are  shared  by  dredge  sites,  such  as  fixed  pipelines 
and  transfer  stations,  capital  and  annual  costs  are  divided  proportion- 
ally, based  on  dredge  volumes  for  those  dredge  sites  using  the  systems. 

• Yearly  mobilization  costs  are  added  to  those  systems  that  require 
mobilization. 

The  user  can  specify  up  to  200  different  types  of  dredging  systems  and  in  one 
run  he  can  change  the  number  and  types  he  wishes  to  consider.  Also,  for  one  run 
up  to  18  dredge/disposal  site  schemes  can  be  considered  for  any  number  of  years 
from  1 to  20. 

The  program  is  designed  to  allow  a user  to  modify  practically  all  relevant 
features  involved  in  determining  comparative  costs  for  different  dredging 
and  disposal  systems.  Specifically,  it  allows  the  user  to  define  variables 
of  dredge  sites,  disposal  sites,  transfer  stations,  tug/scow  operations, 
temporary  pipelines,  fixed  pipelines,  types  of  dredging  equipment,  types  of 
transfer  units,  dredge  volumes,  distances  from  dredge  sites  to  disposal  sites, 
number  of  hours  equipment  is  available,  and  equipment  hourly  operational  costs. 

A sample  printout  (Table  VII  - 3)  is  included  in  this  chapter. 

A complete  printout  and  user's  manual  are  furnished  as  a separate  transmittal. 

7.4  RESULTS 

The  computer  program  can,  of  course,  be  used  to  generate  cost  data  using 
any  equipment  system  for  any  combination  of  dredging  and  disposal  sites.  For 
this  study,  it  was  determined  that  the  most  valuable  information  for  fu- 
ture planning  purposes  would  be  gained  by  analysis  of  the  following  schemes, 
which  are  defined  by  disposal  sites: 

• Scheme  I - It  is  assumed  that  all  dredged  material  will  be 
deposited  at  the  100  fathom  line  in  the  ocean. 

• Scheme  II  - It  is  assumed  in  this  instance  that  all  material  will 


be  transported  to  the  Petaluma  land  disposal  site. 


Sherman  Island  land  disposal  site. 

• Scheme  IV  - It  is  assumed  that  there  are  no  constraints  on  disposal 
and  that  materia!  can  be  taken  to  the  disposal  site  involving  least  cost. 

In  all  cases,  this  was  the  closest  aquatic  disposal  site. 

• Scheme  V - The  closest  aquatic  disposal  site  is  also  used,  but  with 
the  restriction  that  movement  of  dredged  material  must  be  to  seaward,  in  con- 
formance with  the  San  Francisco  District's  Public  Notice  No.  72-61  of  15  May, 
1972. 

• Scheme  IV  - It  is  assumed  that  RWQCB  criteria,  discussed  in  Chapter 

V,  will  be  followed,  i.e.,  that  sediments  polluted  with  organic  material  may  be 
disposed  of  at  the  Alcatraz  site,  and  sediments  polluted  with  heavy  metals 
may  be  dumped  at  the  100  fathom  line.  Disposal  will  be  to  seaward.  In 
Table  VII  - 4,  the  dredging  areas,  sediment  classifications,  and  disposal  sites 
are  displayed.  The  tentative  sediment  classifications  were  taken  from 
Schedule  "F"  of  the  Scope  of  Services. 

• Scheme  VII  - The  same  criteria  as  those  in  Scheme  VI  are  followed 
except  that  it  is  assumed  that  regulations  have  been  invoked  prohibiting 
disposal  at  sea  of  sediments  classified  as  containing  heavy  metals.  Where 
the  100  fathom  line  was  used  for  disposal  under  Scheme  VI,  land  disposal 

is  used  in  this  instance.  For  illustrative  purposes,  the  Petaluma  land  dis- 
posal site  is  used. 


3 

I 

* 

s 

/, 

' ~ Tw’- 


The  results  of  the  computer  analyses  for  Schemes  I through  VII  are  summarized 
in  Tables  VI 1-5  through  VII-11.  For  each  scheme,  several  systems  of  disposal 
for  material  from  each  dredging  site,  with  accompanying  costs,  are  shown. 

• For  schemes  involving  aquatic  disposal  (I,  IV,  V,  and  VI),  they  are: 

(A)  The  least  cost  system. 

(B)  The  system  involving  least  cost  but  which  utilizes  "available" 
equi pment. 

(C)  The  least  cost  system  utilizing  "available"  hopper  dredges 
(bottom  dump  type) 

(D)  The  least  cost  system  using  "available"  clamshell  dredges. 
"Available"  equipment  is  defined  as  that  presently  in  use  in  the  San  Francisco 
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Bay  area.  This  excludes  such  equipment  as  hopper  dredges  with  irect  pumpout 
capability,  clamshell  and  hydraulic  dredges  of  high  productivity  which  have 
been  or  could  be  built  but  are  not  presently  operating  in  the  Bay,  fixed 
pipelines,  pipelines  discharging  at  aquatic  disposal  sites,  and  transfer 
stations  such  as  those  described  in  Chapter  IV. 

In  addition,  for  these  schemes  a weighted  average  cost  (determined  by  weighting 
unit  costs  of  dredged  material  at  the  dredging  sites  in  proportion  to  the 
volume  of  dredging  at  each  site)  is  shown  for  the  two  most  viable  systems,  (A) 
and  (B). 

• For  schemes  involving  land  disposal  (Schemes  II  and  III  ),  the 
systems  shown  are: 

(A)  the  least  cost  system 

(E)  the  least  cost  system  involving  the  use  of  a fixed  pipeline 

(F)  the  least  cost  system  utilizing  a temporary  pipeline 

(G)  the  least  cost  system  involving  the  use  of  a turning  basin  at 

the  land  disposal  site. 

For  these  schemes  the  weighted  average  cost  for  systei  (A)  is  si. own. 

• For  the  scheme  involving  both  aquatic  and  land  disposa  . ne'e  VII), 
System  (A)(least  cost)  is  shown  for  all  sites  and  systems  , t , and  (G ; 
for  land  disposal  sites.  Systems  (E),  (F),  and  (G)  are  the  least  cost  systems 
using  fixed  pipelines,  temporary  pipelines,  and  turning  basins,  respectively. 
Here  again,  a weighted  average  unit  cost  is  shown  for  system  (A). 

The  least  cost  systems  for  all  seven  schemes  are  shown  graphically  on  Plates 
VII-1  through  VII-7. 

Comparing  the  seven  schemes  analyzed,  it  can  be  seen  that  the  least  cost 
disposal  method  would  be  to  the  closest  aquatic  disposal  site  (Scheme  IV), 
which  would  assume  that  there  were  no  constraints  on  water  disposal  The 
cost  of  disposing  at  aquatic  sites  but  following  the  rule  of  disposing  to 
seaward  (Scheme  V),  is  slightly  more  than  that  of  Scheme  IV.  Disposal  at 
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aquatic  sites  using  RWQCB  criteria  (Scheme  VI),  is  more  costly  than  the 
above  two  schemes  of  aquatic  disposal.  Disposal  at  the  100  fathom  line 
(Scheme  I),  is  the  most  costly  of  the  aquatic  disposal  schemes.  Dredging 
and  transportation  costs  to  land  disposal  sites  (Schemes  II  and  III)  are  in 
the  range  of  costs  of  disposal  in  accordance  with  RWQCB  criteria  (Scheme  VI) 
but  the  cost  of  the  overall  operation  is  increased  significantly  when  site 
development  and  operation  costs  are  included.  The  same  remarks  apply  to 
Scheme  VII,  in  which  the  cost  of  disposing  in  accordance  with  RWQCB  criteria, 
using  a mix  of  land  and  aquatic  sites,  was  determined. 

The  results  of  the  cost  comparison  computer  program  indicate  that  the  most 
economical  dredging  machine  is  a hopper  dredge.  Where  the  hopper  dredge  is 
constrained  from  working  at  certain  sites  because  of  shallow  water,  such  as 
Petaluma  River,  Sonoma  Creek,  and  Napa  River,  a large  clamshell  dredge  was 
found  to  be  the  least  costly.  For  very  short  hauls  to  aquatic  disposal 
sites,  the  bottom  dump  hopper  dredge  was  found  to  be  the  least  expensive 
transport  mode;  for  longer  hauls,  where  a fixed  pipeline  was  included  in 
the  system  (to  the  land  disposal  sites  or  to  the  100  fathom  line),  it  was 
found  that  the  pipeline  was  the  most  economical  transport  mode.  For  other 
long  hauls,  the  tug-scow  combination  proved  to  be  the  cheapest  mode  of 
transportation.  In  the  most  economical  systems,  the  scow  was  filled  by 
direct  pumpout  from  a hopper  dredge  or  directly  by  a large  clamshell  dredge. 

As  noted  above,  the  large  clamshell  dredges  (18  and  13  cubic  yard  capacity) 
proved  to  be  least  costly  when  a hopper  dredge  was  not  feasible.  In  system 
(A)  described  previously,  where  "non-avai 1 able"  equipment  could  be  used,  the 
high  productivity  (denoted  as  "modified")  clamshell  was  invariably  found  to 
have  the  lowest  cost  of  the  clamshell  dredges.  Hydraulic  dredges  did  not 
generally  appear  to  be  competitive  with  the  hopper  dredges  and  large  clamshell 
dredges.  This  was  due  in  large  part  to  the  high  capital  cost  of  temporary 
pipelines  of  more  than  a minimum  length  leading  from  these  dredges,  since  the 
cost  of  the  pipeline  could  only  bespread  over  the  volume  of  material  pumped 
for  one  specific  project.  The  hydraulic  dredge  costs  approached  those  of  the 
hopper  or  clamshell  dredges  at  dredge  disposal  locations  involving  short 
temporary  pipelines  such  as  Mare  Island  to  Carquinez,  San  Francisco  Harbor 
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to  Hunter's  Point,  or  Petaluma  River  to  Petaluma  land  disposal  site. 


It  should  be  borne  in  mind  that  the  costs  tabulated  in  Tables  VII-5  through 
VII-11  do  not  include  the  contractor's  mark-up  for  overhead  and  profit  or  the 
Corps'  percentage  for  overhead,  supervision,  etc.  These  additional  costs 
are  subject  to  many  variations,  but  generally  will  be  in  the  range  of  25 
to  30  percent  of  the  basic  cost. 


Also,  the  costs  were  based  on  analyses  of  dredging  operations  in  which  es- 
timated production  rates  were  in  turn  based  on  available  records.  The  costs 
are  sensitive  to  changes  in  production  rates,  and  could  change  greatly  if, 
as  a result  of  more  detailed  studies  of  both  Government  and  contractors' 
equipment,  these  rates  are  changed. 


The  costs  shown  in  connection  with  schemes  involving  land  disposal  sites 
include  costs  of  developing  and  operating  the  appropriate  land  site.  These 
costs  are  for  acquisition,  development,  and  operation  only,  and  do  not 
include  additional  processing  or  conditioning  of  the  dredged  material  , 
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DISPOSAL  SYSTEMS 


Dredgi ng 
Equipment 


Transport  System 


Disposal  Site 


Clamshel  1 
(3  sizes) 


Transfer  Barge  and  Temporary  Pipeline 
Transfer  Barge  arid  Temporary  Pipeline 

Transfer  Barge,  Temporary  Pipeline,  San  Pablo  Bay  Terminus,  Fixed  Pipeline 

Transfer  Barge,  Temporary  Pipeline,  San  Pablo  Bay  Terminus,  Fixed  Pipeline 

Bottom  Dump  Scow,  San  Pablo  Bay  Dump  Basin,  Fixed  Pipeline 

Bottom  Dump  Scow,  San  Pablo  Bay  Dump  Basin,  Fixed  Pipeline 

Bottom  Dump  Scow,  Dump  Basin  at  Land  Disposal  Site 

Bottom  Dump  Scow 

Scow  Without  Bottom  Dump,  San  Pablo  Bay  Terminus,  Fixed  Pipeline 

Scow  Without  Bottom  Dump,  San  Pablo  Bay  Terminus,  Fixed  Pipeline 

Scow  Without  Bottom  Dump,  Transfer  Barge  at  Land  Disposal  Site 


Aquatic 
l and 
Land 

100  Fathom  Line 
Land 

100  Fathom  Line 


100  Fathom  Line 


Hydraulic 
Dredge 
(4  sizes) 


Temporary  Pipeline 

Temp.  Pipeline,  Transfer  Barge,  Temporary  Pipeline 
Temp.  Pipeline,  Transfer  Barge,  Temporary  Pipeline 

Temp.  Pipeline,  Transfer  Barge,  Temp.  Pipeline,  S.P.  Bay  Terminus,  Fixed  Pipeline 
Temp.  Pipeline,  Transfer  Barge,  Temp.  Pipeline,  S.P.  Bay  Terminus,  Fixed  Pipeline 


100  Fathom  Line 


Hopper  Dredge 
with  pumpout 


Hopper  Dredge 

Hopper  Dredge,  San  Pablo  Bay  Dump  Basin,  Fixed  Pipeline 
Hopper  Dredge,  Transfer  Barge  at  Land  Disposal  Site 

Hopper  Dredge,  San  Pablo  Bay  Terminus,  Fixed  Pipeline 
Hopper  Dredge,  San  Pablo  Bay  Terminus,  Fixed  Pipeline 
Hopper  Dredge,  Transfer  Barge,  Temporary  Pipeline 
Hopper  Dredge,  Transfer  Barge,  Temporary  Pipeline 

Hopper  Dredge,  Transfer  Barge,  Temp.  Pipeline,  S.P.  Bay  Terminus,  Fixed  Pipeline 

Hopper  Dredge,  Transfer  Barge,  Temp.  Pipeline,  S.P.  Bay  Terminus,  Fixed  Pipeline 

Hopper  Dredge,  Transfer  Barge  at  Land  Disposal  Site 

Bottom  Dump  Scow,  S.P.  Bay  Dump  Basin,  Fixed  Pipeline 

Bottom  Dump  Scow,  S.P.  Bay  Dump  Basin,  Fixed  Pipeline 

Bottom  Dump  Scow 

Bottom  Dump  Scow,  Transfer  Barge  at  Land  Disposal  Site 
Scow  Without  Bottom  Dump,  S.P.  Bay  Terminus,  Fixed  Pipeline 
Scow  Without  Bottom  Dump,  S.P.  Bay  Terminus,  Fixed  Pipeline 
Scow  Without  Bottom  Dump,  Transfer  Barge  at  Land  Disposal  Site 


Land 

100  Fathom  Line 


100  Fathom  Line 


100  Fathom  Line 


100  Fathom  Line 
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1 remont 


Redwood  C-V 


Menlo  Park- 


SSi 


• 60J 

MlJlr-  9b} 


LEGEND 


DREDGING  SITE 
(CLAMSHELL  DREDGE) 

DREDGING  SITE 
(HOPPER  DREDGE) 

SAN  PABLO  TRANSFER 
STATION 

AQUATIC  DISPOSAL  SITE 
LAND  DISPOSAL  SITE 


FIXED  PIPELINE 

TRANSPORT  ROUTE  - 
SCOW  OR  HOPPER  DREDGE 


(LINE  WIDTHS  INDICATE 
RELATIVE  VOLUMES  OF 
DREDGED  MATERIALS) 


USO ' 


\ 


\ 

\ • 


Novdlo 


Kentfield 


Richmond) 


SAN  FRANCISCO 


PLATE  UK  - 5 


AGE  COST  FOR  SCHEME  Y = $ 0.44/CY 


ROTE  ' cost  does  not  include  overhead,  profit 

OR  SUPERVISION. 


CARPET 


OSAN  PABLO 


Cdncord 


Sari  Babiy 


Richmond* 


DREDGING  SITES 


I SUISUN  BAY 

2.  MARE  ISLAND  STRAIT 

3.  NAPA  RIVER 

4.  PETALUMA  RIVER 

5.  PINOLE  SHOAL 

6.  RICHMOND  LONG  WHARF 

7.  SAN  RAFAEL  CREEK 

8.  WEST  RICHMOND  CHANNEL 

9.  RICHMOND  HARBOR 

10.  OAKLAND  HARBOR 

11.  SAN  FRANCISCO  HARBOR 

12.  REDWOOD  CITY  HARBOR 


l ata/ette 


It  SKCltV 


OiaWo 


razQ 


Sin  Ra-nor 


T "Mv 

N FRANCISCO  I 


Alameda 


OahUrvi 


Castro  VaHey 


Dubl 


Hayward 


Pleasanton 


^outhiSan  Francisco 


lillfua* 


DREDGE  DISPOSAL  STUDY 


ALTERNATIVE  DISPOSAL  SCHEMES 

SCHEME Y AQUATIC  DISPOSAL 
LEAST  COST  - SEAWARD 


F remont 


A^SOUTH  BAY 

..  A 


Bpfhionf 


Redwood  C'ty/ 


^poio  Pjr»*  f 


Petaluma 


Mr 


Novato 


S*M  A nvr  MM., 


Kantfteld 


tichmondf 


^■i\. 


ALCA‘ 


Ian  francisco. 


DREDGING  SITE 
(CLAMSHELL  DREDGE) 


DREDGING  SITE 
(HOPPER  DREDGE) 


SAN  PABLO  TRANSFER 
STATION 


AQUATIC  DISPOSAL  SHE 


lAND  DISPOSAL  SITE 


TRANSPORT  ROUTE  - 
SCOW  OR  HOPPER  DREDGE 


(LINE  WIDTHS  INDICATE 
RELATIVE  VOLUMES  OF 
DREDGED  MATERIALS) 


IOO  FATHOM  LINE 


i l • Jr 

South!  San  I rancis< 

« s 

’iar,TBrtftX>y 


PLATE  TEE  - 6 


Ay  ERASE  COST  FOR  SCHEME  YE  = $ 0.70/CY 


NOTE:  COST  DOES  NOT  INCLUDE  OVERHEAD,  PROFIT 
OR  SUPERVISION  . 


DREDGING  SITES 


c I.  SUISUN  BAY 

2.  MARE  ISLAND  STRAIT 
" 3.  NAPA  RIVER 

4.  PETALUMA  RIVER 

5.  PINOLE  SHOAL 

6.  RICHMOND  LONG  WHARF 
7 SAN  RAFAEL  CREEK 

8.  WEST  RICHMOND  CHANNEL 

9.  RICHMOND  HARBOR 

10.  OAKLAND  HARBOR 

11.  SAN  FRANCISCO  HARBOR 

12.  REDWOOD  CITY  HARBOR 


•V'3' 


i a*ayett«* 


ALCATRAZ- 


OAKLAN! 


N FRANCISCO, 


7 Hayward 


San  Francisco 


DREDGE  DISPOSAL  STUDY 


'iJfF’Ug* 


ALTERNATIVE  DISPOSAL  SCHEMES 

SCHEME  YE  AQUATIC  DISPOSAL 
CRWQCB  CRITERIA 


Fremont 


Redwood  Crfy/. 


■Menlo  Pari*  / 


PETALUMA  LAND  DISPOS 
AREA 


ALCATRAZ  ° 


DREDGING  SiTE 
(CLAMSHELL  DREDGE) 

DREDGING  SITE 
(HOPPER  DREDGE) 

SAN  PABLO  TRANSFER 
STATION 

AQUATIC  DISPOSAL  SITE 
LAND  DISPOSAL  SITE 


SAN  FRANCIS'.  ) 


' ' * vT 

i '.-X* 

V 

v v cm  * mocisco 

- 1 V 

-•*  i > V • • 


FIXED  PIPELINE 

TRANSPORT  ROUTE  - 
SCOW  OR  HOPPER  DREDGE 

(LINE  WIDTHS  INDICATE 
RELATIVE  VOLUMES  OF 
DREDGED  MATERIALS) 


mmm 


PLATE  m - 7 


AVERAGE  COST  FOR  SCHEME  331 


A INCLUDES  $ 0.19/CY  FOR  SITE  DEVELOPMENT 
OPERATION  WHEN  DISPOSAL  IS  AT  PETALUMA 
DISPOSAL  AREA) 


AND  DISPOSAL 
IEA  ■*  r 


NOTE.  COSTS  DO  NOT  INCLUDE  OVERHEAD 
PROFIT  OR  SUPERVISION. 


SAN  PABLO 


DREDGING  SITES 


I SUISUN  BAY 

2.  MARE  ISLAND  STRAIT 

3.  NAPA  RIVER 

4 PETALUMA  RIVER 

5.  PINOLE  SHOAL 

6.  RICHMOND  LONG  WHARF 
7 SAN  RAFAEL  CREEK 

8.  WEST  RICHMOND  CHANNEL 

9.  RICHMOND  HARBOR 

10.  OAKLAND  HARBOR 

11.  SAN  FRANCISCO  HARBOR 

12.  REDWOOD  CITY  HARBOR 


.OAKLAND 


DREDGE  DISPOSAL  STUDY 


ALTERNATIVE  DISPOSAL  SCHEMES 

SCHEMED  LAND  8 AOUATlC  DISPOSAL 
CRWQCB  CRITERIA 


f '•jjT'TDn* 


INTERNATIONAL  ENGINEERING  CO..  INC. 
SAN  FRANCISCO.  CAUF. 


ATFROVED 


OATS. 


APPENDIX  A 


CORE  SAMPLING  OF  SEDIMENTS 


Field  Data 


CORE  SAMPLES  OF  SAN  FRANCISCO  DAY  SEDIMENTS 


Collected  December  1973 


For 


INTERNATIONAL  ENGINEERING  COMPANY  INC. 
San  Francisco,  California 


By 


CSO  LABORATORY 
Concord,  California 


1 


I 

* 

* 


22  December  1973 
A - 1 


’■»'  Tr- 


To: 

From: 

Re: 


22  December  1973 


R.  S.  Samuelson/R.  Krone 
R . Career 

Core  Samples  of  San  Francisco  Bay  Sediments 


Ten  general  areas  and  twelve  specific  locations  were  sampled  according 
to  the  schedule  shown  in  Table  I.  The  specific  locations  are  shown  on 
copies  of  the  U.  S,  Corps  of  Engineers  charts  dated  30  June  1968,  These 
charts  are  included  with  the  field  sheets  of  this  report.  The  Suisun 
Bay  chart  was  not  available  so  an  overlay  of  the  Navagional  Chart  was 
prepared  for  the  Station  (No  10) . The  sample  numbers  are  also  given  in 
Table  j. 


Table  I 

SAMPLING  SCHEDULE 


Station  No. 


Location 


Date 


1 

San  Francisco 

6 

2 (1) 

Redwood  Creek 

7 

2 (2) 

Redwood  Creek 

7 

3 

Oakland  Outer  Harbor 

6 

5 

Richmond  Harbor  Entrance 

10 

7 

San  Rafael  Creek 

10 

8 (1) 

Pinole  Shoal 

11 

8 (2) 

Pinole  Shoal 

11 

9 

Mare  Island 

12 

10 

Suisun  Bay 

12 

11 

Napa  River 

17 

12 

Petaluma  River 

17 

The  samples  were  collected  by  means  of  a 3-inch  diameter  corer . 
Three-.one-gallon  samples  were  composited  from  6 to  12  cores.  A 25  lb 
sample  of  core  material  was  collected  from  both  Redwood  Creek  (Sta  2-1) 
and  Pinole  Shoal  (Sta  8-1) . A sealed  undisturbed  core  was  collected  from 
each  station  (except  2-2).  A pt  representative  sample  (2  pints  or  1 qt) 
was  collected  from  each  station,  and  a qt  center  section  of  core  was 
taken  and  sealed  for  moisture  determination  from  each  station. 

Fathometer  charts  of  the  bottom  profile  were  made  as  indicated  on 
the  field  data  records.  The  individual  transects  were  labled  a,  b,  c, 
etc.,  and  a non-scale  sketch  showing  orentation  of  the  transects  is  shown 
on  the  redraft  of  the  field  sheets.  The  actual  or  observed  depth  of 
water  during  sampling  is  reported  on  the  field  records.  The  calculated 
depth  at  MLLW  is  aiso  given. 

The  Physical  data  is  reported  in  Table  II  below,  A copy  of  the 
chemical  analysis  from  the  melt  from  which  the  core  tool  was  constructed 
Is  attached, 


Table  II 


PHYSICAL  DATA 


Station 

No. 

Location 

Apparent 
Density , 

gm/cc 

Force*  to 
Penetrate,  lbs 

Percen t V.'a / 

PW  I’WW  / 

1 

San  Francisco 

1.48 

85 

74.5 

42.7 

2 

(i) 

Redwood  Creek 

1.33 

100 

172.0 

63.3 

2 

(2) 

Redwood  Creek 

1.38 

90 

140.5 

58,5 

3 

Oakland  Outer  Harbor 

1.43 

115 

123.5 

55.3 

5 

Richmond  Harbor  Entrance  1.52 

185 

75.9 

43.2 

7 

San  Rafael  Creek 

1.39 

185 

113.0 

53.0 

8 

(1) 

Pinole  Shoal 

1.64 

300** 

72.3 

42.0 

8 

(2) 

Pinole  Shoal 

1.64 

300** 

41.3 

29.2 

9 

Mare  Island  Strait 

1.30 

136 

102.0 

50.5 

10 

Suisun  Bay 

1.64 

285 

49.3 

33.0 

11 

Napa  River 

1.61 

100 

82.0 

45.1 

12 

Petaluma  River 

1.39 

60 

111.8 

52.8 

: k 

Loading  on  3"  core  penetrating  2 ft  of 

sediment 

• 

** 

Estimated  from  free  fall  of 

145  lb  core 

: device 

through  water 

column. 

PWW 


PW 


PW  + 100 


l 

I 

I • 
F 


A - 3 


r 


SAMPLING  DATA 


Sample  No  ^ 

Date  Cl  //",  '..V/’/i 

Time  OQ Ofl  - /J2Q 


Location:  Srm  Francisco 


Depth:  //;£  Ft,  Tidal  Condition  -ff  SYttCf  ryf  ffib 

3 C -fi  fCH-L-bj)  Currents  f/cr'tti  S’.  *7^.  ^ •£  A~ 

General  Appearance  black  ~Cr^  / J1  Q/<>  • / S/'/'/y'  f1-  / rt- C-- 

Odor  n&rrr.dl  fnrtr,ns  .Ifk/'ri'S.  ^Penetration  g >51 /kjL 

/gp  2 -/V £j2_£j2 


Bulk  Density:  Gross 


Weight  O,  ^ Volume: 

Tare  £ d-Q—7 Length  ^7^ 

Net  Q{  S*~}  J> Area  3 

Density  /*  ^ & Volume  j , \j?Q 


Samples:  ' Bulk 

Moisture  J 

Other  0*  pj £ ^ CrOYC 

Fathcincter  Chart  5 

Sketch: 


l s/clLs  Creek 


3^12/1973 


i 


r 


M 


1 


& 


JLQQ 


JShzl/on 

i 


Is 


A 


IS 


a 


tih.rc 

CSO  LABORATORY 


V 


t 

* 


I 


A - 4 


SAMPLING  DATA 


Sample  No 


Location: 

Depth:  Ft, 

2.6  Pt  MLLU7 

General  Appearance  fa  I Ct  d l* 


1 1 \' 


Tidal  Condition 
Currents  SfoC  1 
ty,  h)Q"^  7 -f/ 
Penetration  . 


Bulk  Density: 


Gross  Weight 


<^rv\  Volume: 


Density 

Samples:  Bulk  h- 

Moisture  2 C> ) 


Moisture  A 

Other  % " 


Fathometer  Chart 


Sketch: 


Turning 
33 as  in 


~Tou&r 


Length  ^~/ nS~ 

Area  3 Q 

Volume  LJ  (&  O 


/ &s!L  bulk 


S-Ufiibn 

ZO) 


I 60 


m 

u^ha  rf 


3^12/1973 


Yemeni 

plant 


IT 


CSO  LABORATORY 


A - 7 


SAMPLING  DATA 


Location 


: — £ 


Depth:  7.  ‘-Z  - 2-  5~  . Ft » 

HZ  ML'LlsJ 

/ / / / 

rn«or/.l  Annearance  rOlCXCd< Q 


Tidal  Condition  _jJ_ 


Sample  No 
Date  7 

Time  j OOP-  / *-/  A 


■<-/ 


Currents 


General  Appearance 
Odor  "Z^g  Cf- 


Bulk  Denoity: 


, Penetration 


2 -Ar 


Gross  Weight 


3 7^*  Volume: 

) -]  H Length  ^57 v5~ 

. . . o r”  t*  ^ 


Density 

Samples:  ' Bulk  f >•) — — — ' — ^ 

Moisture  ___2 - 

Other  7-~  2-f7-) — p”f-S 

Fathometer  Chart  LjSfH-3 

Sketch:  / I 


"ReJioood  TH« 


/•V 

//0> 


*\  !3»o 
/ / 


Xoi/y  // 

//  ' « 7 y 

, /<^  / ' J 

/ / y 


CSO  LABORATORY 


3^12/1973  Sjt-  p\y£  Core.  1 1 net- 


A - 9 


■ 


SAMPLING  DATA 


Sample  No  3 

Date  (c  F)~ 7-~5 

Time  Vs  IH/O 


Location:  Or?  !<  I Cl  l">  W (0  0.3  -2 


Depth:  <3  / Ft,  Tidal  Condition  »£7~  r-JJ  q^ic/  3*  <f 

•30  @ f'tLLl+J  Currents  //i  ^ -Vl/  /<'  /-  J <• . rC/-  r A «,(?* 

General  Appearance MUlcM. ?71  hrCuOnUh  LA’ry  P,,r.  fa*  r!s  s/.’T y 

Odor  M L>(J  , Penetration  / / i)  ,y -3o  y» 


5t G*\<d  ^ Fhh 


, Penetration 


Bulk  Density: 


Gross  Weight 


L?  3 ?px\  Volume : 

*7  Q> Length 


Samples:  Bulk  O CX-_ 


Density 


M2  Volume  'X.QfaC 


Moisture 


Akvc/  Core.  ^3 


Fathom. 


eter  Chart  


Sketch: 


r /—  Stdiion 


'■S  i v. 


3/.12/1973 


Is  ^ 

0 o 

* JL 


7?v  Oa.r-f&r* 


CSO  LABORATORY 


Pter 


A - 12 


OAKLAND  HARBOR 
CALIFORNIA 


scut 


US  APUT  ptG'KTl*  SAM  rwAWOSCO 

CO«P$  or  I MOtMCf  RS 


SAMPLING  DATA 


Location : 


Sample  No  O 

Date  I I °H3 

Ti=  QB30-..&‘?SP 

fj>.rbor  Erij~Cd.na^ 

Tidal  Condition  SifT'C'  Oil  ~C1  /mcj 


Depth;  t3  | Ft,  Tidal  Condition  vST J *fV  <QlQ-W<iOcj 

^ Currents  Sfo.r.!:.  '/  i IAjC  V J / £(3x3lj-l^ 

General  Appearance  dfyrft  \/p  Ord.y  .Qrflfdi'1.  -n/tHk.  ^ 

Odor  'Kft.  Y ,M 1 1 a ^ > Penetration  //  

/or  5 -T7  C.O  re C 3 " d/^ivJ ■ 

Bulk  Density:  Gross  Weight  •S,  0 0 3 0-7' i Volume: 

Tare  ~]X~J  Length  7^/  <Otvi 

Net  . 2.  7 Area  3 0 

Density  I • -572,  Volume  2-  a £7/  <9 

Samples:  ' Bulk  / Y~ ta-*)  . ( h 1 / t^)  • 


Vmi  Volume: 


Area  3 3) 

Volume  J2.-I  & / C* 


Moisture  Q 
Other  2.  — 


J Cor**& 


Fathometer  Chart 

/ 

Sketch: 

^-3 


' pro-file  ira-^sccis- 
lncii<jxrlaJ  C.  3 


N 


V. 


lAf 


M-i-l  ('ShoiusJ*C  on  Cha.rt') 


, ..  cha~r)n0  ! 

I 


-R.  f?a.rfe. 


CSO  LABORATORY 


3/12/1973 


■/  Mi*J  U ~typ/c<>'l  cffur i>e  no 


A - 15 


TJ*V 


AN  PAULO 


V»  • T It  I r>f  .*>/ 


- ‘'Htcr.uo  c-‘ s 

*Mfr  m'Cf  ) • <’  c 


10*00  »0  100*00 


RICHMOND  HARBOR 
CALIFORNIA 


r g't#  piS^oiCT.  5»N 

CCnfS  Of  fNsmtrus 

5AN  #«»*•:  ' ; 5.  t t,  it  . K * 
j»  0(crM#r»  -mi 


l 0-00  fo  JO *00 

paiX'NG  w.iu. 


SAMPLING  DATA 


Date  7 0 /473 

Time  IQSS—  1 / S~Q 


Location:  <17<T10  £-(3^  I Oh  Gunnel 

Depth:  / | fy>  Ft, 

S-pT  @>  WLLlsJ 


« I « T—  1 — — 

Tidal  Condition  7?^/  IlnUJ 


Currents 


^ ' r " — — *-*  ‘ ■ •, 

General  Appearance  (Jnrl<  Ora_<s  Tffi  CS/lfy.  Cila^Y 

Odor  ■ ./  /Vi  Mir7 , Penetration  /RS~  /bs.. 

^encicL^k Q^sGt 


2oU- 


Bulk.  Density:  Gross  Weight  ^7,  'X  OS  C.  H 1 Volume: 

_ZUUu 2_ 


Tare 
Net 

t-.. 


g>  ^-7-7- 


Lcngth  Cz(p_£L\\ 

Area  SjS 


O f—  /A 


Samples:  ‘ Bulk 

Moisture 
Other 


.'l.C-CC^ > CD;  y C. • 

•2.  — * 7 Tlorfi  **7 


_jg.  OcudjLtL 

CSO  LABORATORY 


3712/1973 


RAYTHEON  COMPANY  CHART  7455-1002-G1  DEPTH  IN  FAtHO^S 


SAN  RAFAEL  CREEK 
CALIFORNIA 


u » »»»»  rar.«na  r • • ■ w t im  ft»*csco 
- co«m  or  mciauas 
l»a  ramcuca  c*uroa«>A 
)•  iu*c  m« 


SAMPLINC  DATA 


Location : 
Depth: 


33  ft  Cn  LLU)  Currents 

Ceneral  Appearance  *Pi  r (1  .O  I.  ? i\ 3 £ 


Sample  No  . axijL._ 

Date  | j £; JS--7  ? 

Time  I QIQ-^  Ua3_0 

— T?.i.  .0.0  ic  _ .s?  In  

Tidal  Condition  ^ n y-'f  c.'t  C66 

Currents  SJdt  (*-/<-  *A  T>  (jl.ZsTt' 


Pene t rat  toa 


BjGlD lh.Ji— 4'- 


1 nnc  7 rA-J  / on. 


Bulk  Density: 


Samples:  Bulk 

Moisture 


Fathometer  Chart  V 


Sketchi 


Gross  Weight 


Length  “ 
Area  C 


Density 


_*■/.  volume  ijjy.T^L 


,jf-  % S’  lb  bulkj  a.r>J  et'rc  * 

N 


# ID  ft 


A^r 
A \ 


\nio 


<>  */!. 

A 


. OqP 


,4oa 

CSO  LABORATORY 


3^12/1973 


A - 22 


SAMPLING  DATA 


* 

t 


Sample  No  Q C l) 

Date  / / , A’  ~ 73 

Time  1/20  — IZ  HT 


Location:  Stl D 7-^0.  hi n ~~  ‘P jplA  /g»  <3li  1 

Depth:  Ft,  Tidal  Condition  £hrl  p>  £:£lc  £kL(*) 

3jL  -ft-  (f  /°1  LL lo)  Currents  > / /<  gc~/  a 


General  Appearance  (~n  y l' 
Odor  T2)  Cly.  A?  At  g/ 


QlXXlL 


u r.^C,  -Scittd. 


-O. 


-p 


£^£i 


£raJj 


Penetration 

3.  ■& 


.S-Clo / L . ±. 


Bulk  Density: 


Gross  Weight 

~1  


Volume : 


Tare 


Length  JL 3_i2L£*t. 


3^12/19/3 


A - 25 


RAYTHEON  COMPANY  CHART  7455-1002-G1 


CO»M 


SAN  PABLO  BAY 

AND 

MARE  ISLAND  STRAIT,  CALIF. 


US  ADMT  CNGlfcCe*  0«St«'CT,  S*N  fflARCi'  ' 
CORPS  V CMG.NKRS 
SAN  rPANC'SCO.  CAUHJRN'A 
* J»  OCCCWBtR  1965 


SAMPLING  DATA 


Location: 


Depth:  / ft Ft,  Tidal  Condition 

III.  S' ft  CALLUS)  Currents  JV' 


General  Appearance 


, Penetration 


0*0  >1 


SAN  PABLO  BAY 

AND 

MARF.  ISLAND  STRAIT,  CALIF. 


KH(  MM 

iooo  _ 


U$  ARMY  ING.MCR  C'STBir*  SAN  AWAKClSCO 

coups  or  tNft'NtePS 

SAN  FRANCISCO.  C-Al'^ORNlA 

si  otceuec*  ioas 


A - 17 


l • f •- 


-?7. 


SAMPLING  DATA 

Sample  No  / Q 


FATHOMS  1 j r »h  I 1 I I,  RAYTHEON  CpMPANY  CHART  745 


SAMPLING  DATA 


Sample  No  j 

Date  )~) 

Time  O^C-.O  - 


Location 


Tidal  Condition 


Depth 


HllUJ 


Currents 


Penetration 


Volume 


Gross  Weight 


Bulk  Density 


Length 

Area 


Volume 


Density 


Samples:  ' Bulk 

Moisture 


Other 


Fathometer  Chart 


Sketch l 


CSO  LABORATORY 


rc-o<?  I 


3^12^.1973 


CO  H 


CHANNFL 

73  FT.  WlOt.  10  F T OFIP 


F t Ot  ft AL  FHOJtCT 


NAPA 


Oott  to1*1  *7  miitoft 


/«/#«*  Coittvcy 


NAPA  RIVER 
CALIFORNIA 


VALLEJO 


US  ARMY  £NGi»etR  OiSfR'CT.  SAM  fRANC'SCO 
CORPS  Of  CMGiMCCRS 
SAM  fRAMC'SCO.  CAlirOKNlA 


SAMPLING  DATA 


r 


Location:  r ~pei<x,  I u >1-1  n_B.  Lucr 


Sample  No  Id 
Oate  l~]  /<7)~?-3 

Time  IX2P-  13  IS 


Depth:  ) Ft,  Tidal  condition  0-  ~3~  P \)rJ  C<'\  f 

I 9-  — / 3 "fT  (TiLLL*^)  Currents  sS/’T  -T -V ',/*/  4 ^ '//g_  /<. 


General  Appearance  Qrp-.p  brDi‘^~l  ■Si'  i *f  y I fl.  ^ 

Odor  7P>g*lJ  Mu  <J . Penetration  Q 1 / h.  ? 

■Pa>-  'a.  -ft  e»f 


Bulk  Density: 


Moisture 

Other 

Fathometer  Chart 


Tare  C~*  ^ 

Length 

10.6 

Net  3,1  3 7 

Area 

33 

Density  1 / 23 

Volume 

z tk  no 

1 W . /<?)  . 

1 0 

1 tr* I 

19-  a,/) a dc>r<z 

#11. 

..n.p- 


A - 36 


vpstpcam  i ivit  i* 


HOC  PAL  t'HOJtCT 


PLTALUM A 


u<Nia- 
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APPENDIX  B 

CHEMICAL  TESTINGS  OF  SEDIMENTS  AND  ELUTRIATES 


Environmental  Quality  Analysts  Inc.  (EQA)  Letter  of  January  24,  1974 
Sediment  Analyses 

Table  1:  Sediment  Analyses  by  EPA  Methods 

Table  2:  Metals  Analyses  on  Tapwater  Elutriate 

Table  3:  Other  Analyses  on  Tapwater  Elutriate 

Table  4:  Metals  Analyses  on  Seawater  Elutriate 

Table  5:  Other  Analyses  on  Seawater  Elutriate 

EQA  Letter  of  February  12,  1974 


Organohalogen  Determination  on  Elutriates 
Table  1:  Tapwater  Elutriates 

Table  2:  Seawater  Elutriates 

EQA  Letter  of  February  20,  1974 


Exchangeable  Bases,  Sediment  Samples 
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January  24,  1974 
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Mr.  Ray  B.  Krone 
64s  Coolidge  Street 
Davis,  California 


SEDIMENT  ANALYSES,  INTERNATIONAL  ENGINEERING  COMPANY 

We  have  completed  the  work  requested  by  you  on  the  group  of  sediment  samples 
submitted  by  International  Engineering  Company  December  7-17,  1973,  and  our 
results  are  tabulated  below.  Explanatory  footnotes  follow  each  table,  and 
discussion  follows  Table  5. 


J T NORGAARD,  P E 6821C  Pres  oe 
T V.  LUTGE,  P E 9219C  Vice-Pies.oen' 
M L WHITT,  P E 15118C  Genera  Manager 
M N LIPSCHUETZ  Tecnn.ca'  D ree! 

R D SMITH  Senior  Oceanographer 

J B.  TYLER  Laboratories 

C P WALTOtsj  Ph  D Water  Chermsi 


Table  1 


Sediment  Analyses  by  EPA  Methods 
All  results  expressed  as  mg/kg  dry  weight 


Lab 

No. 

Sample  Location 

Cadmium 

(Cd) 

Mercury 

(Hg) 

Lead 

(Pb) 

Zinc 

(Zn) 

Oil  and 
Grease 

20475 

Bottom  Sediment , 

1.59 

0.56 

58 

106 

8400 

20476 

San  Francisco 
Bottom  Sediment, 

3-78 

0.54 

113 

190 

9200 

20477 

(l)  Redwood  City 
Bottom  Sediment, 

2.24 

0.42 

56 

113 

6100 

20478 

(2)  Redwood  City 
Bottom  Sediment , 

2.25 

0.52 

59 

107 

4300 

20479 

Oakland 

Bottom  Sediment, 

1.69 

0.46 

38 

87 

3400 

20480 

Richmond 
Bottom  Sediment, 

1.93 

0.53 

48 

103 

9500 

20481 

San  Rafael 
Bottom  Sediment, 

1.63 

0.36 

29 

74 

l4oo 

20482 

(l)  Pinole  Shoal 
Bottom  Sediment , 

1.31 

0.05 

22 

68 

7700 

20483 

(2)  Pinole  Shoal 
Bottom  Sediment , 

2.11 

0.64 

58 

121 

2400 

Continued 

Mare  Island  Strait 
on  page  2. 
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Lab 

Cadmium 

Mercury 

Lead 

Zinc 

0’1  ana 

Mo. 

Sample  Location 

(Cd) 

(Hg) 

(H>). 

(Zn) 

Grease 

20484 

Bottom  Sediment, 

1.14 

0.10 

15 

49 

5700 

Suisun  Bay 

20485 

Bottom  Sediment, 

1.76 

0.35 

31 

83 

3400 

Napa 

20486 

Bottom  Sediment, 

1.63 

0.67 

49 

114 

7800 

Petaluma 


Table  2 

Metals  Analyses  on  Tapwater  Elutriate8 
All  results  in  mg/1 


Lab 

Cadmium 

Mercury 

Lead 

Zinc 

No. 

— 

(Cd) 

M 

IM 

20475 

< 

0.001 

0.0003 

0.009 

< 0.01 

20476 

< 

0.001 

0.0002 

0.003 

0.02 

20477 

< 

0.001 

0.0002 

0.002 

0.02 

20478 

< 

0.001 

0.0003 

0.002 

< 0.01 

20479 

< 

0.001 

< 0.0001 

0.006 

< 0.01 

20480 

< 

0.001 

0.0002 

0.011 

< 0.01 

20481 

< 

0.001 

0.0033 

0.008 

0.03 

20482 

< 

0.001 

0.0020 

0.011 

0.05 

20483 

< 

0.001 

0.0013 

0.021 

0.16 

20484 

< 

0.001 

0.0010 

0.012 

0.11 

20485 

< 

0.001 

0.0019 

0.013 

0.25 

20486, 

< 

0.001 

0.0015 

0.007 

0.15 

20489" 

0.001 

< 0.0001 

0.001 

0.01 

g 

Filtration  was  through  Whatman  GF-C  paper. 
^Tapwater  used  for  elutriation. 
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Table  3 

Other  Analyses  on  Tapwater  Elutriate3 
All  results  in  mg/1 


Lab 

No. 

ID0Db 

BODr- 

Suspended 

Solids0 

Total 

Phosphorus 

(P) 

Kjeldahl 

Nitrogen 

(N) 

Nitrate 

Nitrogen 

(N) 

20475 

1.2 

6l 

223 

0.23 

2.3 

2.1 

20476 

10 

45 

57 

0.20 

7.0 

0.45 

20477 

18 

84 

143 

0.27 

8.5 

1.2 

20478 

16 

53 

403 

0.33 

5.1 

1.4 

20479 

2.7 

48 

319 

0.32 

4.0 

c.  ?e 

20480 

16 

36 

479 

0.22 

8.0 

1.0 

20481 

9.3 

46 

485 

0.14 

5.7 

0.96 

20482 

7.1 

31 

1210 

0.60 

4.6 

2.1 

20483 

18 

4l 

4390 

0.70 

10.7 

1.5 

20484 

2.4 

39 

3300 

O.69 

5.2 

0.94 

20485 

17 

97 

17700 

0.29 

6.9 

2.5 

20486 

16 

53 

789 

0.31 

6.3 

2.1 

20489d 

0 

— 

1.0 

0.009 

0.45 

0.09 

a 

Filtration  was  through  Whatman  GF-C  paper. 

b15-minute  IDOD  was  performed  on  elutriate  before  settling. 

0 

Performed  on  elutriate  settled  one  hour,  but  before  filtration. 
^Tapwater  used  for  elutriation. 
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Table  4 


Metals  Analyses  on  Seawater  Elutriate 
All  results  in  mg/1 


Lab 

Cadmium 

Mercury 

Lead 

Zinc 

No. 

(Cd) 

(Hg) 

(Pb) 

.M 

20475 

0.001 

o.ooo4 

0.022 

0.03 

20476 

0.001 

0.0011 

0.010 

< 0.01 

20477 

< 0.001 

0.0133 

0.012 

0.02 

20478 

< 0.001 

0.0009 

0.012 

0.06 

20479 

< 0.001 

0.0006 

0.024 

0.01 

20480 

< 0.001 

0.0006 

0.012 

0.02 

20481 

0.001 

0.0009 

0.008 

0.03 

20482 

< 0.001 

0.0003 

0.009 

0.01 

20483 

< 0.001 

0.0045 

0.003 

17 

20484 

< 0.001 

0.0008 

0.002 

0.05 

20485 

< 0.001 

0.0010 

0.009 

0.05 

20486, 

< 0.001 

0.0019 

0.012 

8.0 

20488° 

0.001 

0.0003 

0.002 

< 0.01 

* 

I 

* 


aFiltration  was  through  Whatman  GF-C  paper. 

bSeawater  for  elutriation.  Supplied  by  International  Engineering  Company, 
taken  at  Southampton  Shoal  December  12th  1973 • 
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Table  5 

Q 

Other  Analyses  on  Seawater  Elutriate 
All  results  in  mg/1 


Lab 

No. 

ID0Db 

BODr 

Suspended 

SolidsC 

Total 

Phosphorus 

(P) 

Kjeldahl 

Nitrogen 

(N) 

Nitrate 

Nitrogen 

(N) 

20475 

2.9 

34 

28 

0.153 

1.7 

0.80 

20476 

6.5 

115 

16 

0.217 

9.0 

O.87 

20477 

11 

150 

74 

0.216 

6.2 

0.95 

20478 

3.0 

127 

30 

0.245 

1.7 

0.77 

20479 

1.1 

113 

88 

0.210 

4.5 

0.95 

20480 

2.0 

107 

80 

O.O97 

12 

0.82 

20481 

3.7 

111 

36 

0.043 

3-9 

0.92 

20482 

3.0 

61 

38 

0.202 

4.5 

0.83 

20483 

9.2 

io4 

308 

0.034 

15 

3.4 

20484 

3.7 

71 

56 

< 0.001 

7.2 

O.96 

20485 

15 

164 

74 

0.034 

5.1 

5-7 

20486 

13 

175 

420 

< 0.001 

8.4 

2.8 

20488d 

0 

000 

0.013 

1.1 

1.8 

£ 

Filtration  was  through  Whatman  GF-C  paper. 

°15-minute  IDOD  was  performed  on  elutriate  before  settling. 

°Performed  on  elutriate  settled  one  hour,  but  before  filtration. 

^Seawater  for  elutriation.  Supplied  by  International  Engineering  Company, 
taken  at  Southampton  Shoal  December  12th  1973* 

Continued  on  Page  6. 
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The  organohalogen  determinations  are  still  in  progress  and  will  be  reported 
separately  as  soon  as  results  are  available. 

Perusal  of  the  data  reported  here  reveals  some  unexpected  occurrences.  The 
most  suprising  discovery  was  that,  following  the  shaking  step,  the  re-suspended 
sediments  settled  much  more  poorly  in  the  tapwater  than  in  the  seawater.  This 
is  reflected  in  the  suspended  solids  results.  All  of  the  grease  results  are 
somewhat  above  levels  we  have  previously  found  to  be  "normal"  for  bay  sediments. 

The  major  difference  readily  apparent  between  the  two  elutriates  is  in  the  5-day 
BOD  results , which  are  generally  2 to  3 times  higher  in  the  seawater  elutriate 
than  in  the  tapwater  elutriate. 

We  wish  to  mention  here  that  this  project  has  revealed  some  of  the  problems 
associated  with  the  elutriation  tests.  Among  these  are  the  problems  mentioned 
already;  additionally,  as  the  method  does  not  specify  the  exact  filtration  medium, 
we  chose  glass  fiber  paper,  but  an  absolutely  clear  elutriate  was  not  always 
obtained  thereby.  Some  of  the  filtrations  took  a very  long  time,  despite  centrifuging 
prior  to  filtration. 

I will  send  along  the  organohalogen  results  as  soon  as  the  work  is  complete. 

We  hold  what  remains  of  the  samples,  although  there  is  not  a great  deal  left- 
about  two  quarts  were  submitted,  rather  than  the  gallon  you  originally  suggested. 

Respectfully  submitted, 

ENVIRONMENTAL  QUALITY  ANALYSTS,  INC. 


cc:  Mr.  Ray  Samuelson,  International  Engineering  Company 

mvs 
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R.  D.  SMITH  Senior  Oceanographer 
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Mr.  Ray  B.  Krone 
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Davis,  California 


ORGANOHALOGEN  DETERMINATIONS  ON  ELUTRIATES 


We  have  completed  the  organohalogen  determination  on  tap  and  sea  water  elutriates 
as  requested  by  you  on  the  twelve  bay  sediment  samples  submitted  by  International 
Engineering  Company. 


The  elutriates  were  extracted  by  repeated  partitioning  into  15  percent  ethyl  ether 
in  hexane.  The  extracts  were  cleaned  up  on  a 2 cm  x 10  cm  florisil  column. 
Chlorinated  hydrocarbons  were  detected  by  GLC  using  the  electron  capture  detector. 


The  analysis  would  have  detected  Arochlors  1221-1262  in  addition  to  most  non-ionic 
chlorinated  pesticides.  The  low  detection  limits  were  achieved  by  analyzing  one 
liter  elutriates . 


Table  1:  Tapwater  Elutriates 


Results 


nd=  none  detected 


Parts  per  Billion 


Sample 

Non-Ionic  Chlorinated  Hydrocarbons 

Number 

Polychlorobiphenyls 
PCB  1242  PCB  1254 

Pesticidal 

* 

Background 

nd 

nd 

nd 

20475 

nd 

nd 

nd 

j 

20476 

nd 

nd 

nd 

* 

,1 

20477 

nd 

nd 

nd 

20478 

nd 

nd 

nd 

20479 

nd 

nd 

nd 

-* 

20480 

nd 

nd 

nd 

20481 

nd 

nd 

nd 

tc 

20482 

A 

nd 

nd 

nd 

$ 

1 

£ 
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Sample 

Number 


Results  n 

Parts  per  Billion 

Non-Ionic  Chlorinated  Hydrocarbons 


nd=  none  detected 


Polychlorobiphenyls 


Pesticidal 


PCB  1242 

PCB  1254 

20483 

nd 

0.1 

nd 

20484 

nd 

nd 

nd 

20485 

nd 

nd 

nd 

20486 

nd 

nd 

nd 

Detection  Limits 

0.1 

0.1 

0.05-0 

*San  Francisco  Water  Department  (tapwater) . 


Table  2:  Seawater  Elutriates 


Sample 

Number 


Results  nd=  nor 

Parts  per  Billion 

Non-Ionic  Chlorinated  Hydrocarbons 


nd=  none  detected 


Polychlorobiphenyls 


Pesticidal 


PCB  1242 

PCB  1254 

Chlordane 

DDE 

DDT 

Others 

★ 

Background 

nd 

nd 

nd 

nd 

nd 

nd 

20475 

nd 

nd 

nd 

0.05 

nd 

nd 

20476 

nd 

nd 

nd 

nd 

nd 

nd 

20477 

0.10 

0.10 

nd 

nd 

nd 

nd 

20478 

nd 

nd 

nd 

nd 

nd 

nd 

20479 

nd 

0.10 

nd 

nd 

nd 

nd 

20480 

0.10 

0.10 

nd 

nd 

nd 

nd 

20481 

0.15 

0.15 

nd 

nd 

nd 

nd 

20482 

0.20 

0.20 

nd 

nd 

nd 

nd 

20483 

0.30 

0.25 

nd 

nd 

nd 

nd 

20484 

0.25 

0.17 

nd 

nd 

nd 

nd 

20485 

0.40 

0.20 

nd 

nd 

0.10 

nd 

20486 

0.16 

0.17 

nd 

0.05 

nd 

nd 

Detection  Limits 

0.10 

0.10 

0.10 

0.05 

0.05 

0.05 

Water  for  elutriation  supplied  by  International  Engineering  Company  taken  at 
Southampton  Shoal,  December  12th,  1973. 
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In  connection  with  our  earlier  report  on  other  elutriate  tests,  I wish  to  emphasize 
that  the  "Immediate  Oxygen  Demand"  (IDOD)  and  5-day  Biochemical  Oxygen  Demand 
(BOD^)  determinations  were  made  on  the  elutriates  , in  accordance  with  our 
interpretation  of  EPA  Region  IX' s DSDC.  Since  that  work  was  done,  I have  spoken 
with  Dr.  Ho  Young  at  EPA' s Alameda  laboratory.  Dr.  Young  expects  to  disseminate 
around  1 May  a tentative  set  of  methods  of  analysis  for  the  elutriation  approach. 

It  is  clear  that  EPA  really  desires  IDOD  and  BOD5  on  the  sediment  (and  other  tests 
on  the  elutriate).  The  proposed  methods  will  incorporate  this  change  of  emphasis, 
pending  (I  presume)  Cincinnati's  approval. 

As  of  this  writing,  the  exchangable  bases  work  is  in  progress,  slowed  slightly  by 
some  hospitalized  personnel.  I will  communicate  our  findings  at  the  earliest 
time  possible. 

Respectfully  submitted, 

ENVIRONMENTAL  QUALITY  ANALYSTS , INC. 


cc:  Mr.  Ray  Samuelson,  International  Engineering  Company 
mvs 
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EXCHANGEABLE  BASES,  SEDIMENT  SAMPLES 

We  have  completed  determination  of  exchangeable  metals  on  four  sediment 
samples  as  requested  by  Ray  Samuelson  on  January  2 8th.  The  results  are  shown 
below,  and  are  given  in  terms  of  ppm  of  metal  on  an  air-dried  weight  basis. 


Lab  No.: 

20475 

20476 

20478 

20483 

Identification: 

San  Francisco 

(1)  Redwood 

City  Oakland 

Mere  Islai 

odium  (Na) 

9,300 

18,200 

14,000 

7,150 

xJotassium  (K) 

2,200 

1,750 

1,750 

2,000 

Calcium  (Ca) 

5,000 

9,000 

5,000 

3,500 

Magnesium  (Mg) 

190 

195 

195 

195 

Cadmium  (Cd) 

0.3 

0.7 

0.4 

0.4 

Zinc  (Zn) 

23 

56 

31 

33 

Lead  (Pb) 

6.0 

2.0 

8.0 

7.0 

All  determinations  were  made  by  atomic  absorbtion  spectrophotometry. 

For  this  work  we  used  the  method  of  H.D.  Chapman  which  you  sent,  through 
the  800  C ignition  step.  The  residue  resulting  was  taken  up  in  10  ml  of  concentrated 
hydrochloric  acid;  this  was  transferred  to  a 100  ml  volumetric  flask  and  diluted 
to  the  mark  with  distilled  water.  Further  dilutions  of  this  were  analyzed  by  atomic 
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absorbtion  techniques.  Mercury  was  not  run,  as  it  would  have  been  volatilized 
during  the  ignition  step. 

Respectfully  submitted, 

ENVIRONMENTAL  QUALITY  ANALYSTS,  INC. 

cc:  Mr.  Ray  Samuelson 

International  Engineering  Company 

mvs 
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APPENDIX  C 

PHYSICAL  TESTING  OF  SEDIMENTS 


APPENDIX  C 


PHYSICAL  TESTING  OF  SEDIMENTS 


The  samples  taken  by  CSO  Laboratory  were  delivered  to  the  Harding-Lawson 
Associates  laboratory  in  plastic  tubes  in  a relatively  undisturbed  state; 
the  remainder  of  the  samples  were  disturbed. 

The  testing  program  included  Atterbera  Limits  tests  and  a hydrometer  analysis 
on  a sample  from  each  location.  As-received  moisture  contents  were  performed 
on  some  of  the  samples  and  dry  density  determinations  were  made  where  possible 
On  four  samples  (Nos.  1,  2,  8 and  9)  the  maximum  dry  density  and  optimum  moi- 
sture contents  were  determined  in  accordance  with  the  ASTM  D1 557-70  (C) 
test  method.  In  addition,  samples  of  these  four  materials  were  compacted  in 
a mold  to  85  and  90  percent  relative  compaction  and  unconfined  compression 
and  consolidation  tests  were  performed. 

The  results  of  the  Atterberg  Limits,  moisture  content  / dry  density  and  un- 
confined compression  tests  are  summarized  on  Exhibit  C-l  and  the  hydrometer 
tests  (dispersed  analyses)  on  Exhibits  C-2  through  C-4.  The  moisture/density 
relationships  are  shown  on  Exhibits  C-5  and  C-6  and  the  consolidation  test 
data  on  Exhibits  C-7  through  C-l 0 . Moisture/volume  relationships  are  shown 
on  Exhibit  C-l 1 . 

Six  of  the  19  samples  had  80  percent  or  more  passing  the  No.  200  sieve;  Q out 
of  the  10  had  at  least  50  percent  or  more  passing  the  No.  200  sieve.  Thus, 
except  for  the  Suisun  Bay  sample,  all  are  classified  as  clays.  Sand  contents 
varied  from  52  percent  to  1 percent. 

The  four  samples  selected  for  strength  and  consolidation  testing  are  fairly 
representative  of  these  various  soil  types. 

As  indicated  by  the  data  on  Exhibit  C-l,  the  soil  has  moderate  shear  strengths 
when  compacted  to  85  percent  relative  compaction  and  moderate  to  high  shear 
strengths  when  compacted  to  90  percent  relative  compaction  and  tested  in  an 
unconfined  compression  test.  Consolidation  tests  revealed  that  the  clay  soils 
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are  of  low  compressibility  up  to  loads  of  as  much  as  3000  psf.  These  soils 
tend  to  swell  upon  inundation  even  under  moderate  loads. 

Most  of  these  soils  are  classified  as  clays  of  high  plasticity.  These  soils 
typically  show  moderate  to  large  swelling  and  shrinking  upon  changes  in  moi- 
sture content.  When  used  as  compacted  fill,  they  should  be  treated  as  expan- 
sive clays. 

Consolidation  testing  of  unprocessed  slurry  was  not  performed  because  normal 
consolidation  testing  of  liquid  or  semi-liquid  slurry  would  not  be  valid  in 
normal  consolidation  apparatus.  Reference  83  cites  instances  in  which  con- 
solidation tests  have  been  performed  on  liquid  slurry  using  specially  designed 
equipment.  Several  empirical  equations  were  developed  to  relate  consolidation 
characteristics  of  various  dredgings  to  their  void  ratio  and  consolidation 
pressure. 
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TEST  METHOD 

ASTM  D1 557-70(C) 


Reference  Line  - 100%  Saturation 
for  2.70  Specific  Gravity 


Symbol 

Sample  Source 

Classification 

Optimum 
Moisture  (%) 

Maximum  Dry 
Density  (pcf ) 

.( 

O 

Station  8 

GRAY  SANDY  CLAY  (CL) 

15.0 

117 

(Pinole  Shoal) 

0 

Station  1 

DARK  GRAY  SANDY  CLAY  (CH) 

20.5 

105 

.* 

(San  Francisco) 
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DIAMETER  bn.)  2.43 


COMPRESSION  INDEX,  C 
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PL4  T E 
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Dredge  Disposal  Study 
San  Francisco  Bay  end  Estuary 
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TYPE  OF  SPECIMEN 


Remolded 


DIAMETER  (in.)  2.43 

HEIGHT(in)  0.80 

OVERBURDEN  PRESS  , P0 

psf 

PRECONSOL  PRESS, Pc 

- psf 

COMPRESSION  INDEX, Cc 

- 

MOISTURE  CONTENT 


VOID  RATIO 


SATURATION 


DRY  DENSITY 


classification  GRAY-GREEN  SANDY  CLAY  (CL) 
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PRESSURE  ( psf  x 1000) 


BEFORE  TEST 


TYPE  OF  SPECIMEN 


Remolded 


MOISTURE  CONTENT 


HElGHT(in) 


VOID  RATIO 


OVERBURDEN  PRESS  ,P0 


SATURATION 


PRECONSOL  PRESS,  P( 


COMPRESSION  INDEX,  C( 


2 .65  Assumed 


classification  GRAY  SANDY  CLAY  (CL) 


SOURCE 


CONSOLIDATION  TEST  REPORT 


Consulting  Engineers  and  Ecologists 


Dredge  Disposal  Study 
San  Francisco  Bay  and  Estuary 
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TYPE  OF  SPECIMEN  Remolded 


BEFORE  TEST 


DIAMETER  (in  ) 2.43 

HEIGHT(in) 

0.80 

MOISTURE  content 

OVERBUROEN  PRESS, P0 

- 

psf 

VOID  RATIO 

PREC0NS0L  PRESS ,PC 

- 

psf 

SATURATION 

COMPRESSION  INDEX, Cc 

NO 

CO 

DRY  DENSITY 

iFTER  TEST 

36.2 


G*  2.60  Assumed 


classification  GREEN-GRAY  SANDY  CLAY  (CL) 
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source  Station  *9 
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APPENDIX  D 

SETTLING  CHARACTERISTICS  OF  SEDIMENTS 


The  following  graphs  depict  the  results  of  settling  tests  performed  at 
the  University  of  California  at  Davis  under  the  direction  of  Professor 
Ray  B.  Krone. 
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APPENDIX  E 


APPENDIX  E 
ENVIRONMENTAL  CRITERIA 


The  following  set  of  criteria  for  use  in  assessing  the 
pact  of  land  disposal  of  dredged  material  was  prepared 
Company  of  San  Mateo,  California. 


environmental  im- 
by  the  URS  Research 
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APPENDIX  E 


ENVIRONMENTAL  CRITERIA 

GENERAL  PRELIMINARY  INFORMATION 

Federal  anti  State  Regulations.  Every  state  has  its  own  set  of  regu- 
lations, applying  to  projects  involving  construction,  discharge  or  changes 
in  the  environment,  which  require  statements  of  environmental  impact.  The 
Federal  government  will  also  claim  jurisdiction  because  the  contracting 
agent  will  probably  be  the  U.S.  Army  Corps  of  Engineers,  a Federal  agency. 

Section  102  of  Public  Law  91-190,  the  so-called  National  Environmen- 
tal Policy  Act,  requires  (1)  the  EPA  to  conduct  an  environmental  analysis 
of  projects  applying  for  Federal  assistance  under  provisions  of  the  Fed- 
eral Water  Pollution  Control  Act,  (2)  . . all  agencies  of  the  Federal 

Government  to  utilize  a systematic,  interdisciplinary  approach  to  insure 
the  integrated  use  of  the  natural  and  social  sciences  . . and  (3)  all 

agencies  of  the  Federal  Government  to  include  in  every  recommendation  or 
report  on  proposals  for  . . . major  Federal  action  significantly  affecting 
the  quality  of  the  human  environment,  a detailed  statement  ..."  which 
includes 

(i)  the  environmental  impact  of  the  proposed  action 

(ii)  any  unavoidable  adverse  environmental  effects 

(iii)  alternatives  to  the  proposed  action 

(iv)  the  relationship  between  short-term  uses  and 
long-term  enhancement  of  the  environment 

(v)  any  irreversible  and  irretrievable  commitments 
of  resources  involved  in  the  proposed  action. 


To  accomplish  item  (i)  above,  the  federal  regulations  require  that 


t 

♦ 
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environmental  assessments  be  prepared  for  all  projects.  This  environ- 
mental assessment  must  contain  all  information  needed  for  the  respon- 
sible agency  (in  this  case  probably  the  Corps  of  Engineers)  to  prepare 
an  environmental  impact  statement  when  deemed  necessary.  Each  state  has 
the  option  to  add  more  requirements  to  the  statement  but  cannot  delete 
any.  California,  for  example,  requires  a statement  of  mitigating  meas- 
ures proposed  to  minimize  the  impact  and  a statement  oi  the  growth- 
inducing  impacts  of  the  proposed  action,  'in  addition  to  the  five  items 
listed  above  requiring  detailed  statements. 

fhe  EPA  has,  by  law  or  special  expertise,  the  responsibility  to 
comment  on  the  following  types  of  environmental  impacts: 

(i)  Water  quality  and  pollution  control 

(ii)  Air  quality  and  pollution  control 

(iii)  Water  supply  and  water  hygiene 

(iv)  Solid  waste  management 

(v)  Radiation  problems 

(vi)  Pesticide  use  and  control  activities 

(vii)  Noise 
(viii)  Toxic  materials 
(ix)  Herbicides 

(x)  I,and  use  and  management;  wetlands,  river  banks, 
estuaries,  beaches,  irrigation  projects,  high- 
ways, reservoirs,  forest  lands,  rural  sources  of 
pollution,  mining,  etc. 


(xi)  Electrical  power  generation 


(xii)  Urban  development 
(xiii)  Industrial  development 
(xiv)  Transportation  and  handling  of  hazardous  materials. 

The  purpose  of  the  environmental  impact  assessment  is  to  provide 
sufficient  information  to  enable  the  responsible  agency  to  evaluate  the 
environmental  impacts  of  a proposed  project  or  projects,  and  to  write 
an  environmental  impact  statement  if  one  is  deemed  necessary.  The  KPA 
does  not  at  the  present  time  set  hard  and  fast  guidelines  on  the  format 
for  presentation,  the  amount  of  data  required,  the  field  sampling  pro- 
gram or  any  other  aspect  of  data  acquisition  and  processing.  The  atti- 
tude of  the  EPA  may  vary  substantially  from  project  to  project  regarding 
the  amount  of  data  and  the  number  of  subject  areas  that  should  be  covered. 
It  is  advisable  for  the  agency  responsible  for  formulating  the  environ- 
mental assessment  to  consult  closely  with  the  EPA  officials  responsible 
for  the  review.  Federal  regulations  applicable  to  environmental  matters 
are  constantly  being  revised.  All  revisions  are  published  in  the  Federal 
Register  and  arranged  for  relatively  easy  access  in  the  Environmental 
Reporter  (Bureau  of  National  Affairs,  Inc.,  Washington,  D.C.),  a publica- 
tion consisting  of  several  volumes,  which  is  updated  periodically. 

It  is  another  matter  to  provide  an  environmental  assessment  accep- 
table or  informative  to  the  general  public.  Generally  the  public  wants 
to  be  informed  about  the  potential  adverse  impacts  but  wants  also  to 
see  an  overall  assessment  of  the  costs  and  benefits.  The  cost/benefit 
ratio  has  historically  been  extremely  difficult  to  calculate  whenever 


the  costs  involve  aesthetics  and  other  intangibles.  This  drawback  to 
the  cost/benefit  ratio  technique  of  assessment  is  slowly  being  overcome. 
Procedures  for  evaluation  of  the  economics  associated  witli  intangibles 
are  being  formulated  and  examined.  One  such  attempt  at  a technique 
for  dimensionless  analysis  of  the  costs  and  benefits  has  been  proposed 
in  a small  pamphlet  entitled  Environmental  Impact  Assessment:  A Proce- 
dure, (Ref.  No.  97).  Problems  always  arise  in  using 

these  methods  when  one  attempts  to  assign  value  judgments  as  numerical 
weights  to  indicate  the  relative  importance  of  each  impact.  The  tech- 
nique also  has  a more  basic  flaw  in  that  scientific  considerations  are 
more  numerous  than  economic  ones,  causing  an  imbalance  in  the  weighting 
of  scientific  and  economic  impacts. 

As  ali'eady  indicated,  however,  the  environmental  assessment  gen- 
erally must  satisfy  the  requirement  of  sufficient  information  to  write 
the  environmental  impact  statement,  but  there  is  no  set  procedure  for 
obtaining  this  information.  It  is  the  responsibility  of  the  agency'  con- 
tracting for  the  assessment  to  carefully  define  the  scope  of  work.  A 
representative  sample  of  subject  areas  covered  in  environmental  assess- 
ments is  presented  in  Table  1.  Each  subject  area  overlaps  somewhat  with 
another  in  most  cases.  Aesthetics  overlaps  with  virtually  everything  if 
taken  in  its  broadest  sense,  because  aesthetics  is  usually  synonymous 
with  both  public  well-being  and  public  health  and  safety.  Any  discus- 
sion within  each  area  should  be  limited  to  factual  information  and  a 
professional  estimate  of  the  potential  impacts  of  the  proposed  project 
upon  that  subject  area. 


E - 5 


Kotina t i'or  Discussion  of  Assessment  Procedures. 


An  ideal  environ 


mental  assessment  would  address  each  topic  listed  in  Table  1 lor  each 
proposed  site.  The  land  disposal  of  dredge  spoils  in  the  Hay  area  in- 
volve occurrence  of  the  following  events: 

• barge  quantities  of  dredged  material  from  a number  of 
locations  in  the  liay  will  be  transported  from  the  dredging 
site.  This  involves  the  use  of  heavy  equipment,  barges, 
the  employment  of  a substantial  work  force,  and  certain 
hazards  associated  with  the  transport  of  the  dredged 
material  by  barge  or  pipeline. 

• Alteration  of  the  land  form  of  the  proposed  land  disposal 
site  or  sites,  with  consequent  changes  in  potential  and 
actual  land  use  at  the  site,  natural  drainage  patterns, 
changes  in  the  degree  of  access,  and  so  on. 

• Actual  disposal  of  the  dredged  materials  on  the  site,  with 
potential  effects  on  a number  of  environmental  parameters 
including  habitat  changes  for  tiie  resident  biotic  popula- 
tion, air  quality,  water  quality  and  aesthetic  value. 

The  magnitude  and  extent  of  these  impacts  will  be  differ- 
ent during  the  actual  period  of  deposition  and  after  filling 
of  the  site  has  been  accomplished. 

• There  will  be  a number  of  impacts  of  the  dredging  operation 
on  the  socioeconomic  condition  of  the  San  Francisco  Bay  area 
which  impacts  are  inextricably  linked  to  the  existence  of  an 


approved  method  of  disposal  of  dredge  spoils. 


As  such,  the 


drudging  operation  itself  und  the  costs  and  methods  ol 
spoil  disposal  have  a demonstrable  though  indirect  rela- 
tion to  a number  of  socioeconomic  parameters. 

Each  of  these  events  creates  a corresponding  set  of  environmental 
impacts;  each  such  impact  must  be  adequately  addressed  in  the  environ- 
mental impact  report  in  order  to  achieve  compliance  with  existing  legal 
requ i remen ts . 

The  information  supplied  in  subsequent  sections  of  this  report  re- 
lates specifically  to  procedures  for  assessing  the  impacts  of  the  land 
disposal  of  dredge  spoils  on  terrestrial  sites.  These  descriptions  are 
presented  in  decimal  format  numbered  sequentially.  Under  each  topic, 
the  following  items  will  be  discussed: 

(i)  Overall  approach  to  evaluating  the  impact. 

(li)  The  minimum  baseline  information  and  projection 
required . 

(iii)  Expertise  required  in  the  personnel  to  recognize 
and  evaluate  the  impact. 

(iv)  Specific  parameters  to  look  for. 

(v)  Impacts  which  generally  cause  the  most  public 
concern . 


Table  1 


SUBJECT  AHEAS  TO  HE  COVERED 
IN 

ENVIRONMENTAL  IMPACT  ASSESSMENTS 


1 . Cl  imatology 

Temperature,  rainfall,  humidity,  localized  microclimates  or 
condi t ions . 

2.  Hydrology 

Water  supplies,  stormwater  runoff  characteristics, 

3 . Ai-  Quality 

Particulates,  nitrogen  oxides,  oxidants,  hydrocarbons,  CO. 

■1 . Water  Quality 

HOD,  COD,  nutrients,  trace  metais,  toxic  chemicals,  total 
salts,  hardness,  physical  characteristics,  odors. 

5 . ecology 

Formations,  groundwater  aquifers,  surface  features,  unique 
areas,  scarce  resources. 

6 . Terrestrial  Biology 

Habitats,  existing  species,  life  cycles,  food  supplies, 
rare  and  endangered  species. 

7 . Aquatic  Biology 

Planktonic,  nektonic,  and  benthic  populations,  interrelationships 
between  biological  elements  and  the  physicochemical  environment. 

8 . Archaeology 

Known  archaeological  sites,  prediction  of  areas  where 
sites  are  likely  to  occur,  list  of  arachaeo logical  in- 
stitutions in  the  area. 

9.  \osthet i cs 

Recreational  facilities,  open  space,  freedom  of  movement, 
noise. 

10.  Noise  and  Traffic 


' 


Ik 


Table  1 
( con  t ' tl ) 

SUBJECT  AREAS  TO  BE  COVERED 
IN 

ENVIRONMENTAL  IMPACT  ASSESSMENTS 

1 1 . Public  Ileal tli 

Infectious  diseases,  toxic  metals. 

12 . Land  Use/Populat ion/ Economy 

Distribution  of  land  use  and  population,  zoning,  provisions 
of  master  plan,  socioeconomic  impact  of  proposed  action. 


SUBJECT  AREAS 


1 . Cl iroatol ogv 

Introduction 

The  climatic  impacts  of  any  major  construction  project/development 
can  be  significant  under  certain  conditions.  Major  climatic  impacts  can 
be  attributed  to  water  impoundments  such  as  a dredge  spoil  site.  Other 
climatic  impacts  can  be  caused  by  the  construction  of  any  structures 
that  can  alter  patterns  of  local  airflow.  The  associated  impacts  are 
generally  local  in  nature. 

Impoundments  generally  change  local  humidity  (increase),  temperature 
(less  extreme),  winds  (stronger)  and  fog  (increase).  Changing  the  air- 
flow can  cause  the  local  storage  or  reduced  retention  of  colder  air. 

No  major  changes  are  usually  attributed  to  construction  (short-term) 
practices,  but  the  impounded  water  and  airflow  changes  could  persist 
for  the  effective  life  of  the  site. 

Minimum  baseline  information 

Minimum  climatic  baseline  information  should  include,  but  not 

necessarily  be  limited  to: 

Summaries  of  available  information  recorded  at  existing 
weather  stations  in  the  immediate  area  and  for  the  re- 
gion, especially  wind  direction,  wind  speed,  atmospheric 
stability  (lapse  rate),  minimum,  average  and  maximum  temper- 
atures, precipitation,  snowfall,  fog,  etc.  This  information 
should  be  summarized  in  a format  to  be  usable  in  the  air 
quality  consideration.  The  stability,  wind  speed  and 
wind  direction  should  be  analyzed  for  concurrent  occurrences. 

It  is  best  to  present  as  many  occurrences  as  possible, 
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broken  down  for  time  of  day,  season,  and  yearly  average. 


An  example  is  presented  in  Table  2.  The  available  weather 
summaries  usually  do  not  have  concurrent  frequencies,  and 
the  original  data  must  be  reduced.  The  stability  informa- 
tion can  be  obtained  by  using  Pasquill's  Tables  (Turner, 

1969),  based  on  solar  insolation,  cloud  cover  and  wind 
speed,  which  are  usually  given. 

If  sufficient  information  on  the  local  area  is  not  avail- 
able, baseline  climatic  data  can  sometimes  be  extrapolated 
from  about  30-days  field  data  from  a portable  weather  sta- 
tion. Long-term  records  should  be  available  from  an  adja- 
cent area.  The  short-term  results  should  be  compared  on 
an  hourly  (up  to  four  hour ) basis  to  the  long-term  station's 
data.  It  is  usually  possible  to  make  long-term  approxima- 
tions of  the  climatic  conditions  at  a specific  site  using 
these  comparisons. 

The  expertise  required  can  be  supplied  by  almost  anyone  familiar  with 
the  subject.  If  a meteorologist  or  air  quality  engineer  is  not  con- 
ducting this  portion  of  the  study,  he  should  be  supervising  those 
who  are. 

The  impacts  which  cause  most  public  concern  would  probably  relate  to 
the  more  severe  nature  of  the  weather,  or  to  changes  which  may  cause 
economic  impacts.  Both  these  impacts  could  be  caused  by  temperature 
and  possibly  wind  modifications.  Increased  fog  can  cause  a local- 
ized safety  hazard. 
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Many  documented  cases  exist  of  the  climatic  modifira- 


tions  induced  by  urban  growth.  These  are  given  in  the 
bibliography.  For  examples  of  climatic  changes  con- 
sult Black  and  Tarmy  (1963),  Aynsley  (1969),  Nakajima 
(1973),  and  Estoque  and  Bhumralkar  (1971). 

• Resource  expenditures  to  compile  the  baseline  data  and 

investigate  possible  impacts  depend  largely  on  the  scale 
of  the  project  area  and  amount  of  existing  data.  Assuming 
the  availability  of  the  data,  and  only  one  station  is 
present  in  a fairly  small  study  area  (small  meaning  no 
large  variations  in  local  weather  patterns),  the  reduc- 
tion of  data  may  require  about  one  man-week.  The  impact 
prediction  should  be  able  to  be  completed  in  about  1-1/2 
to  2 man-weeks.  If  field  data  collection  is  required, 
the  use  of  a weather  station  for  30  days  would  cost 
about  $350,  plus  set-up  time  and  field  checks.  Another 
man-week  would  be  required  to  compare  the  field  results 
with  a "nearby"  long-term  station  and  make  the  necessary 
extrapolations.  These  estimates  assume  that  the  data  is 
readily  available.  Travel  to  set  up  the  station,  take 
down,  plus  necessary  security  of  the  instrument,  would 
be  additional,  depending  on  the  location  and  area. 

»•! 
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GROUN’DWATi  r;  HV1IKOI.I  >i  \ 


2 

I nt  roduct ion 

The  purpose  of  the  grouml.'.'ntor  hydrology  tud>  will  be  assess  the 
potential  Interrelationships  between  land  disposal  oi  dredge  spoils  and 
groundwater  hydrology  under  the  following  ii.ajor  headings: 

1)  impact  on  groundwater  quality  of  the  impounded  dredge  spoils. 

2)  impact  of  groundwater  hydrology  on  the  overall  suitability  of 

the  site  (including  potential  for  subsidence,  horizontal  movement, 
etc.)  for  the  safe  disposal  of  dredge  -poils. 

Few  specific  difficulties  are  expected  with  regard  to  the  effect  of 
the  dredge  spoils  on  groundwater  quality  ior  at  least  the  following 
reasons : 

a)  most  of  the  potential  sites  are  tdjacent  t<  portions  of  San  Fran- 
cisco Bay.  This  implies  that  few  it  anj  sites  will  be  situated 
between  the  major  points  ot  aquifer  replenishment  and  points  at 
which  an  aquifer  is  tapped  either  for  production  of  agricultural 
or  domestic  water. 

I > ) the  charact*  r the  dredged  material  itself  tend  to  preclude 

infiltration  of  water  associated  with  the  spoils  into  subsoil 
layers,  thus  reducing  the  likelihood  of  any  demonstrable  effect. 
Further,  the  disposal  sites  are  not  likely  to  be  placed  at 
locations  of  importance  in  the  recharge  of  major  aquifers,  another 
reason  for  expecting  the  impact  to  be  minimal 

Groundwater  hydrology  may  have  an  effect  on  the  suitability  of  certain 
sites  as  disposal  areas,  particul;  'ly  in  the  case  of  any  island  sites  in 
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in  the  Sacramento  delta  region.  In  the  case  of  these  sites  particularly, 
the  complex  of  factors  which  characterize  the  geology  and  groundwater 
hydrology  of  the  region  will  have  to  be  investigated  in  some  detail. 

In  general,  however,  groundwater  hydrology  is  not  expected  to  be  the 
focus  of  many  significant  negative  environmental  impacts. 

Baseline  Data 

In  evaluating  the  hydrological  impacts  of  a specific  site,  the  following 
general  information  should  be  sought: 

• Area  and  boundaries  of  watershed 

• Percent  of  impervious  surface  within  watershed 

• Topography  and  slope  characteristics  of  watershed 

• Soil  types 

• Soil  cover 

• Flow  characteristics  of  main  drainage  channel  and  its  tributaries 

• Rainfall  characteristics  of  the  general  location 

• Historical  floodplains 

• Actual  and  potential  use  of  subsurface  water  for  agriculture  and 
domestic  purposes 
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3.  AIR  QUALITY 

The  air  quality  impacts  associated  with  land  disposal  of  dredge 
spoils  would  be  caused  by  fugitive  dust  losses  and  any  on-site  heavy 
equipment  vehicle  use.  There  is  also  the  potential  for  production  of 
undesirable  odors,  particularly  during  the  initial  deposition  of  re- 
ducing sediments.  These  odors  should  be  of  a temporary  nature  and  can 
probably  be  effectively  controlled  by  proper  management  of  the  disposal 
operation.  Fugitive  dust  losses  would  increase  as  the  material  dried, 
but  significant  losses  could  be  evident  shortly  after  placement  of  the 
spoil.  As  vegetation  begins  to  become  established  on  the  new  material, 
dust  losses  would  decrease  to  more  "natural  levels.  It  may  be  desir- 
able to  move  the  material  after  initial  placement.  If  this  is  to  be 
done  using  heavy  duty  equipment,  the  vehicle  emissions  could  be  substan- 
tial depending  on  the  number  of  vehicles  needed.  Vehicle  activity  on  the 
site  would  also  increase  dust  losses  due  to  added  surface  disruptions. 

An  information  questionnaire  should  be  completed  for  each  alterna- 
tive site  for  comparisons  of  air  pollution  impact  potential.  This  ques- 
tionnaire includes  information  in  four  major  areas;  ambient  air  quality, 
source  emissions,  dispersion  potential  and  receptor  locations.  This 
matrix  follows  in  a rough  form: 

I . AMBIENT  AIR  QUALITY 

A.  Location  of  Closest  Air  Quality  Monitoring  Station 


1 . 

Bis  tance 

meters 

2. 

Direction 

o 

B.  Monitored  Air  Quality  (Last  Complete  Year  of  Records) 


E - 15 


— ^*T,tFT 


Annual 
Average 
Concent  rat  ion 


1.  Particulates 

2.  Oxidants 

3.  Carbon  Monoxide 

4.  Sulfur  Dioxide 

5.  Oxides  of  Nitrogen 

6.  Hydrocarbons 


Peak  Hour  Month  of 

Concentration  Peak 
Hou  rs 


No.  of  Tunes 
Standards  wei 
I.  \ reeded  for 
Year 


C.  Close  By  Major  Sources  (trom  source  inventory) 


emissions  in  tons/year 
name,  distance,  direction,  part,  CO,  SO^ , NO  , HC 


1. 


2. 


3. 

4. 


t 


II.  SOURCE  EMISSIONS 
A.  Fugitive  Dust 

1.  Amount  of  spoil  placed,  in'* 

2.  Acres  covered  per  year,  

3.  Method  of  movement  of  spoil  on  site,  after  initial  placement: 


B.  HDV  Emissions 

1.  Number  of  vehicles  on  site  at  one  time  (average)  , year  

2.  Total  hours  of  vehicles  on  site  per  year  hrs 

3.  Any  transport  of  material  to  or  off  site  using  trucks?  If  so, 
describe  trip  length  and  number/year 
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III.  DISPERSION  POTENTIAL 


A.  Topography,  Confined,  Gentle  or  Hat 


B.  Winds 

1.  Annual 

Frequency 
of  Direction 
of  Speed 


N 


2.  Frequency  of 
Direction  and 
Speed  for 
"worst"  months 


NL 


t 


SE  S 


SW  W 


NW 


C.  Mixing  Volume  by  Month  (miles/month  average  velocity  x mixing  height ) 

JFMAMJ  JASON  D Annual 

1.  Average  day 

2.  Average  night 

IV.  RECEPTOR  LOCATIONS  (within  5 miles) 

Distance  Direction 

A.  Closest  Urban  Activity 

B.  Closest  School 

C.  Closest  Hospital 

D.  Closest  Wildlife  Area 

E.  Others 

After  this  information  is  collected,  methods  must  be  devised  to  directly 
relate  one  site  against  another.  For  this  purpose,  very  general  rating  systems 
may  be  used.  Some  of  the  information  would  be  used  directly  in  this  analysis, 
while  others  are  for  assessing  the  accuracy  of  the  procedure.  Each  major 
area  would  eventually  have  a rating.  These  are  hypothesized  as  follows: 

1 Ambient  Air  Quality 

AAQP  = number  of  times  particulate  standards  are  exceeded  per  year 

AAQG  = number  of  times  O + CO  + SO  + NO  + HC  standards  are  exceeded 

x 2 x 


Source  Emissions 


l I . 


IV. 


St.DNST  - (acres  covered  per  year  ) x (annual  average  wind  speed) 


SEVER  = (total  hours  of  veliicles  on  site  per  year)  x (- 


1 


annual  average  wind  speed 


III. 


Dispersion  Potential 

MVD  = annual  average  daytime  mixing  volume 
MVN  = annual  average  nighttime  mixing  volume 


Receptor  Locations 

frequency  of  wind  towards  direct  ion 


RU  = ( 
RS  = ( 
RH  = ( 
RW  = ( 
RO  = ( 


distance  to  urban  activity 

frequency  of  wind  towards  direction^ 
distance  to  school  activity 

frequency  of  wind  towards  direction^ 
distance  to  hospital  activity 

frequency  of  wind  towards  direction 
distance  to  wildlife  activity 


frequency  of  wind  towards  direction 


distance  to  other  activity 
These  values  will  be  further  refined  to  reflect  more  important  local 


problems.  They  will  be  used  as  an  indicator  of  what  areas  should  be  inves- 
tigated in  greater  detail  if  needs  be. 
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Table  2 
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AN  EXAMPLE  OF  A FORMAT 
FOR 

PRESENTING  CONCURRENT  OCCURRENCE  OF  WIND  AND  STABILITY 
(Winter  Morning) 


STABILITY  * 

C 

E 

F 

TOTAL 

NW  Wind 

0 -*•  1 m/sec 

0 

1 

5 

0 

1 -*•  3 m/sec 

0 

3 

3 

0 

3 *►  7 m/sec 

0 

1 

2 

0 

> 7 m/sec 

0 

0 

0 

5 

0 

5 

10 

5 

20 

SW  Wind 

0 -*•  1 m/sec 

1 

1 

3 

0 

1 -»-3  m/ sec 

2 

3 

10 

7 

3 7 m/sec 

1 

5 

10 

3 

> 7 m/sec 

1 

1 

2 

0 

5 

10 

25 

10 

50 

W Wind 

0 1 m/sec 

2 

1 

3 

4 

1 3 m/ sec 

1 

1 

10 

1 

3 -*-7  m/sec 

1 

1 

2 

0 

> 7 m/ sec 

1 

2 

0 

0 

4 

4 

15 

5 

30 

TOTAL 

To~ 

20" 

50“ 

20~ 

Too 

* Stability  designations  refer  to  atmospheric  stability: 
A is  least  stable  (low  pollution  potential)  and  F is 
most  stable  (high  pollution  potential). 
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IV ATE K Ql'AUTV 


1 ii  t roduc I l on 

Alterations  in  the  existing  ecosystem  can  cause  unexpected  changes 
in  many  areas,  one  ol  which  is  water  quality.  Water  is  a mixture  of  the 
basic  compound  Ho0  and  an  enormous  number  of  chemical  constituents,  non- 
living detritus  and  microscopic  and  macroscopic  biota.  Scientists 
measure  only  a lew  ol  the  components  of  this  mixture  to  ascertain  the 
"quality"  of  the  water.  The  existing  water  quality  is  determined  by 
the  existing  ecosystem  — which  includes  production  and  consumption, 
uptake  and  discharge,  grazing  and  being  grazed  upon  — the  arrangement 
of  the  ecological  niches.  There  are  several  recently  published  examples 
of  the  changes  in  the  common  measures  of  water  quality  caused  by  changes 
in  the  common  measures  of  water  quality  caused  by  changes  in  ecosystem 
structure.  Brooks  (1969)  noted  that  choking  phytoplankton  blooms  in  a 
lake  were  reduced  when  the  fish  population  was  killed.  The  reason  was 
that  fish  preyed  upon  larger  zooplankton,  leaving  only  smaller  zooplank- 
ton. The  zooplankton  in  turn  grazed  only  upon  phytoplankton  of  a defi- 
nite size  range.  Elimination  by  predation  effectively  eliminated 
grazing  upon  one  size  range  of  phytoplankton  which  quickly  accumulated 
a substantial  biomass,  Brinkhurst  (1972)  found  that  sludge  worms  in 
sediments  of  areas  in  Lake  Erie  effectively  cause  a complete  turnover 
of  nutrients,  thus  continually  stimulating  phytoplankton  growth. 

Pfister,  et  al.  (1973)  found  that  particulate  material  — in  their 
experiments  only  clays  — adsorbed  to  enzyme  substrates  and  bacteria, 
thus  stimulating  bacterial  activity  in  aqueous  solutions.  Finally, 
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Kliee  (1972)  i'ound  that  bacteria  and  algae  compete  lor  available  phosphate 
when  growing,  and  bacteria  are  more  successful  to  the  extent  of  subduing 
algal  growth  altogether. 

At  the  present  time,  these  types  of  effects  are  not  recognized 
by  EPA  as  causing  significant  impacts  upon  the  water  quality.  This 
lack  of  recognition  is  not  .justified  by  data  but  caused  more  by  a lack 
of  methods  to  observe  the  parameters. 

The  personnel  most  likely  to  recognize  and  comment  upon  the  possible 
impacts  on  water  quality  of  changes  in  the  structure  of  the  ecosystem 
would  have  strong  tra_ning  in  ecology,  biology,  and  chemistry,  with 
some  experience  in  graduate  work. 

The  researcher  might  require  a thorough  baseline  description  of 
the  existing  ecosystem  in  the  water  body  in  question,  including  phyto- 
plankton, zooplankton,  and  bacterial  counts.  Tills  type  of  data  is  well 
beyond  the  range  of  most  studies  and  is  extremely  expensive  to  acquire. 
The  complexity  of  ecosystems  far  exceeds  present  capabilities  to  under- 
stand them  fully. 

The  greatest  public  concern  arises  from  visible  and  odorous  indi- 
cators of  poor  water  quality.  Choking  algae  blooms,  dead  fish  or  hydro- 
gen sulfide  (rotten  egg)  odor  are  apt  to  raise  the  greatest  outcry. 

•«* 

Increase  in  dissolved  trace  metal  concentrations  decrease  will  be 
noticed  sooner  by  the  public  health  department . 

This  kind  of  complex  secondary  ecological  effect  upon  water  qual- 
ity is  presently  recognized  in  the  research  literature  and  conclusions 
are  still  extensively  debated.  Any  discussion  here  of  comparable  case 
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studies  other  than  those  indicated  earlier  would  only  invite  debate. 
Nevertheless,  it  is  apparent  that  changes  in  the  structure  of  the  eco- 
system may  cause  temporary  or  recurring  undesirable  changes  in  the 
water  quality.  For  example,  referring  to  the  four  stuoies  mentioned 
above,  several  undesirable  events  might  logically  occur  in  each  case. 

An  increase  in  the  algal  concentration  caused  by  an  increase  in  the 
fish  population  could  lead  to  choking  blooms,  high  BOD  and  COD,  and, 
eventually,  a fish  kill  due  to  low  oxygen  conditions  in  the  deeper 
layers  of  the  lake.  Sludge  worms  causing  the  release  of  materials 
from  sediments  could  result  in  perpetually  poor  water  quality  in  the 
lake  despite  efforts  to  improve  the  quality  of  wastewater.  Decreases 
in  suspended  particulate  matter  concentrations  could  decrease  the  sus- 
pended bacterial  population,  causing  an  increease  in  phosphate  concen- 
trations which  then  may  stimulate  algal  growth.  All  of  these  sequences 
are  highly  speculative  but  may  quite  legitimately  be  recognized  as  po- 
tential problems. 

Ascertaining  the  extent  and  significance  of  these  hypothetical 
problems  will  involve  a great  deal  of  field  research,  conceivably  a 
major  effort  of  several  tens  or  hundreds  of  thousands  of  dollars.  This 
type  of  work  is  best  carried  out  by  an  academic  research  institution  or 
a consulting  firm  with  extensive  practical  experience  in  this  field. 

Short-Term  (Construction)  Impacts 

The  construction-related  impacts  upon  w’ater  quality  are  due  almost 
exclusively  to  erosion  of  the  freshly  turned  earth.  The  only  parameter 
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affected  significantly  is  the  turbidity  or  suspended  solids  concen- 


tration. Hit  only  occasion  when  this  may  not  be  true  is  when  the 
operations  uncover  land  fills  originally  established  for  the  disposal 
of  toxic  or  noxious  materials,  sludge  or  trash.  In  this  case,  the 
runoff  water  from  the  site  could  contain  concentrations  of  BOD,  COD, 
or  trace  metals  in  excess  of  the  generally  accepted  drinking  water 
or  municipal  water  standards.  These  standards  are  available  in 
three  published  documents:  Public  Health  Service  Drinking  Water 

Standards  (1962);  International  Standards  for  Drinking  Water  (1971); 
and  Water  Quality  Criteria  (1968) . 

Baseline  Data 

Although  no  set  amount  of  data  is  required,  it  is  advisable  to  esti- 
mate the  erosion  potential  from  the  construction  site  and  predict  the 
order  of  magnitude  of  the  additional  solid  matter  input  to  surface 
waters.  If  the  estimate  of  the  worst  possible  input  is  well  below  the 
existing  solid  concentration,  a negative  declaration  (a  statement  of 
insignificant  impact)  can  be  made.  If  the  potential  input  is  significant, 
further  detailed  work  is  necessary  to  refine  the  prediction.  The  proposed 
construction  site  should  be  inspected,  and  all  available  records  on  the 
site  reviewed  to  determine  whether  the  site  has  been  used  for  land  fill 
or  solid  waste  disposal.  Presumably  this  kind  of  detailed  historical 
information  will  be  acquired  by  the  design  firm.  A historical  record  of 
the  site  is  always  discussed  in  the  environmental  assessment. 

The  staff  responsible  for  evaluating  this  potential  impact  should 
have  general  training  in  chemistry  and  geology.  No  advanced  graduate 
training  should  be  necessary. 
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The  erosion  potential  can  be  estimated  from  the  slope,  aereal  extent 


1 

of  the  site,  and  erosion  data  from  similar  areas.  For  most  soils,  the 
i universal  soil-loss  equation  as  discussed  by  Wischmeier  St  Smith  (1965', 

will  be  applicable.  Erosion  estimates  should  be  carried  out  in  consulta- 
tion with  local  experts.  The  physical  characteristics  of  the  soils  will 
be  determined  by  the  designer.  The  chemical  composition  should  also  be 
determined  to  estimate  the  potential  pollutional  effect  of  the  eroded 
material.  A typical  analysis  would  include  measurement  of  the  following 
parameters:  BOD,  COD,  soluble  phosphate  and  nitrates,  total  phosphorous 

and  nitrogen,  several  trace  metals  including  Hg,  Cu,  Ni,  Zn,  Fe  and  Mn,  in 
areas  that  have  been  heavily  dosed  with  pesticides,  an  analysis  for  chlor- 
inated hydrocarbon  and  standard  bacteriological  analyses. 

The  erosion-related  impacts  which  cause  most  public  concern  are  usual- 
ly visual  or  odorous,  but  significant  mortality  of  shellfish  or  freshwater 
benthic  organisms  can  also  cause  concern.  Fish  kills  can  be  caused  by 
high  silt  loads,  low  oxygen  concentrations  resulting  from  the  silt  load, 
or  the  incorporation  of  toxic  materials  from  the  silt  into  the  fish.  low 
oxygen  concentrations  cause  the  odor  of  hydrogen  sulfide.  High  turbidity 
will  cause  public  concern  if  the  condition  is  uncommon. 

ITie  time  and  money  required  to  evaluate  the  potential  impact  are  small. 

A complete  chemical  analysis  of  a single  soil  sample  costs  in  the  neighbor- 
hood of  $100  to  $200,  Usually  no  extensive  study  need  be  conducted  because 

«•! 

soil  analyses  data  typical  of  the  site  are  available  from  some  local  or 


’ 

published  sources  such  as  the  U.S.  Geological  Survey,  Department  of  Agri- 

> 

culture,  or  state  universities.  It  is  merely  necessary  to  verify  that  the 


specific  site  is  not  greatly  different  from  the  general  area. 


The  call  il- 


lations and  estimates  needed  to  approximate  the  solids  load  and  pollutional 
load  are  simple  and  rapidly  completed. 

Impacts  To  Be  Addressed 

The  water  quality  impacts  can  be  addressed  in  four  separate  sections. 
These  include: 

1.  Sources  of  water 
rainfall 
dewatering 

inf i 1 tration 

2.  Mechanism  of  pollutant  transfer 
leaching  of  soluble  and  insoluble  material 
long-term  dissolution  of  pollutants 

anoxic  conditions  and  resulting  pollutant  solubility 

3.  Paths  of  pollutant  transport 
infi ltration 

overland  flow 

4.  Receiving  water 
groundwater 
surface  water 

Included  within  these  groups  are  variables  associated  with  a specific 

site  or  specific  spoil.  Some  of  these  include: 

moisture  content  of  spoil 
soil  type  and  depth 
depth  of  impermeable  layer 
depth  to  groundwater 

uses  of  groundwater  and  location  of  use 


direction  of  groundwater  flow 
rainfall  history 

ground  surface  slope  (before  and  after  fill) 
spoil  chemical  composition 
organic  matter 
clay  fraction 

iron  and  manganese  concentrations 
trace  metal  concentrations 
orga nohalogens 

surface  drainage  network  description 
path  of  flow 

intermittent  or  continuous  "streams 

physical  properties  of  spoil  (erosion  potential) 

engineering  parameters  to  mitigate  HQ  problems  (dikes,  ditches, 
membranes,  treatment,  etc.) 

chemistry  of  receiving  water 

solubilities  of  pollutants  in  spoil  if  discharged  to  receiving  water 
The  water  quality  impacts  associated  with  spoil  disposal  operations 
are  a function  of  many  parameters  and  potential  impacts  can  vary  tremen- 
dously between  sites. 
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5. 


GEOLOGY 


I nt  roduct  ion 

Geologic  effects  from  and  upon  placement  of  dredged  materials  in  land 
disposal  areas  primarily  involve  the  weight  of  material  upon  underlying 
substrates  and  indirect  effects  on  adjacent  areas  and  the  potential  for 
movement  of  the  material  with  and  without  seismic  loading.  Secondarily  , 
consideration  of  geologic  resources  (sand,  gravel,  economically  valuable 
clay,  stone,  and  other  typical  exploited  mineral  resources)  should  contain 
land  disposal  to  areas  of  clearly  designated  low  value.  In  general  this 
will  be  accomplished  by  costs  of  the  large  areas  required  by  disposal, 
although  purchase  by  non-federal  agencies  or  groups  and  long-term  leases 
for  disposal  may  hinder  realistic  consideration  for  valuable  common  geologic 
resources . 

Criteria  or  Guidelines  for  Site  Evaluation 

Influence  of  the  disposal  area  on  the  geology 
Character  of  underlying  strata 

Depth  to  bedrock  and  distance  and  direction  to  surface  exposure 
of  bedrock 

Direction  and  slope  of  bedrock  surface 

Distance  surface  or  subaqueous  slope  of  greater  than  25% 

Number  of  distinctive  sand  and  clay-silt  strata 
Geographic  distribution  of  significant  clay  strata 
Competence  of  clay-silt  strata  , 

Depth  to  ground  water 
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Character  of  disposed  material 


Clay  and  organic  content  of  material 
Percentage  of  water  (degree  of  conditioning) 

Proposed  depth  of  disposed  material  at  completion 
Project  character 

Total  area  and  number  and  area  of  cells 
Cross-section  size  and  distribution  of  levees 
Sequence  of  disposal  among  cells 
Influence  of  the  geologic  context  upon  the  disposal  area 

Distance  to  any  significant  fault  (large  displacement,  considerable 
length,  frequent  seisms,  etc.) 

Predicted  repeat  interval  and  magnitude  of  seisms  along  faults 
within  10,  25,  or  50  miles. 


terrestrial  biology 


6. 


Wildlife 

Land  disposal  of  dredged  materials  (normally  fine  grained  and  partially 
organic)  requires  large  areas  (hundreds  of  acres  or  square  miles)  because 
of  the  volume  of  spoil  produced  in  typical  dredging  operations.  Typically , 
the  disposal  areas  will  consist  of  several  ponds  separated  by  a series  of 
levees  but  connected  by  control  gates  or  wires. 

Terrestrial  impacts  of  land  disposal  arise  in  conjunction  with  three 
major  phases:  1)  construction  of  the  disposal  ponds,  2)  the  characteristics 

of  the  ponds  during  filling,  and  3)  the  final  use  of  the  disposal  areas  at 
completion.  Significance  and  degree  of  impact  construction  of  land  disposal 
ponds  will  depend  upon  composition  and  quality  of  the  wildlife  and  supporting 
vegetation  (habitat)  within  the  proposed  construction,  their  vicinity  and 
regions.  Within  areas  of  uniform  composition  and  quality,  differing  methods 
of  construction  and  the  design  of  ponds,  as  well  as  differences  in  methods 
of  and  discharge  of  effluents,  can  induce  radically  different  impacts  of 
widely  varied  significance.  Disposal  schedules,  volumes,  and  conditioning 
of  sediments  and  methods  of  conveyance  to  the  ponds  will  create  impacts 
upon  the  vegetative  colonization  and  succession  processes  in  the  pond  areas, 
the  often  highly  mobile  supported  wildlife  in  adjacent  areas  (especially 
birds).  Upon  completion  of  filling  of  the  ponds,  the  physiography  and  prior 
conditioning  of  the  fill  and  potential  or  realized  land  use  will  affect 
both  the  rate  and  degree  of  reintegration  of  the  disposal  area  into  the 
balance  of  the  regional  ecosystem. 
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Intricate  relationships  or  Interactions  of  the  biota  within  itself  and 


r 


with  the  phy si. 'cherai.al  environment  create  innumerable  difficulties  in  esti- 
mating t .i  n.  rt  pen-..  i the  biota  to  undisturbed  or  iuced  conditions, 

• i an.  .•  of  differences  between  undisturbed  and 
t'>.  future.  Typical  time  and  financial  restraints 
terpretati  n of  existing  and  future  undisturbed 
n ilar  ed  in  accordance  with  the  importance 
: ir<  ■ t available  resources  and  potential  im- 
• environment.  Therefore,  a scale  of  effort 
•>  ! ("particularly  clarified  by  the  February  15,1974 


and  in  determining 
induced  b ie  t i . 
requ I re  tha’  ie s • 
or  Induced  biota  n* 
of  potent  ill1 
pac  t s upoi  t hi  r • 

and  resolut  i >r.  mu- 
CEQA  guideline-.). 


Biologic  investigations  can  be  scaled  in  a variety  of  ways  to  provide 
a greater  or  lesser  degree  of  resolution,  reliability,  and  accuracy  (with 
substantial  differences  in  cost).  The  most  general  methodology  involves 
the  study  of  li fe forms  (e.g.,  forests,  grasslands,  chaparral,  shrublands  , 
reefs,  mudflats,  marshes,  etc.)  and,  as  in  the  taxon  specific  methodology 
described  later,  can  be  applied  at  the  theoretical,  compositional,  structural, 
and  process  (or  dynamic)  levels  of  resolution.  An  additional  element  of 
consideration  arises  with  temporal  intervals  (a  list  of  species  or  lifeforms 
may  or  may  not  include  those  volant  migrants  bats  and  waterfowl  or  the  climax 
or  subclimax  of  an  existing  pioneer  grassland).  The  following  outline  will 
provide  the  guidelines  for  analyzing  the  impact  of  land  disposal  of  dredged 
materials  upon  terrestrial  wildlife  (including  all  birds)  and  biota  in 
general  using  the  different  methodologies  and  levels  of  resolution. 
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Some  general  aspects  of  the  environment  can  be  determined  from  theoreti- 
cal considerations  or  the  study  of  1 i fe  forms , but  current,  practice,  public 
policy  and  the  general  recognized  importance  of  wildlife  require  more 
detailed  taxonomic  determination  of  the  animals  and  plants  on  the  proposed 
project  area.  Presentation  of  this  data  typically  consists  of  a list  of 
the  genus  and  species  and  common  name  (the  latter  is  most  commonly  used  in 
bird  lists).  Once  these  names  are  provided  the  animals  may  be  resystematiz.ed 
for  other  formal  or  informal  uses  that  may  be  important  to  future  commercial 
or  scientific  studies  of  the  site.  The  taxonomic  names  also  provide  the 
key  words  for  literature  searches  of  regional,  distributional,  general 
ecologic  , and  behavioral  information  which  may  be  useful  in  determination 
of  additional  problem  areas,  habitat  requirements,  or  stress  tolerances. 

The  next  gradient  step  yielding  additional  resolution  requires  an 
analyses  of  the  specific  distribution  of  species  within  the  project  area  and 
adjacent  territories.  Ttiis  is  generally  presented  in  the  form  of  a map  of 
the  distribution  oi  organisms  within  the  project  area.  Such  maps  are  most 
commonly  prepared  for  plants  which  are  fixed  and  slowly  change  through 
colonization  and  succession,  but  are  more  difficult  for  the  mobile  animals 


(amphibians,  reptiles,  birds,  and  mammals)  most  commonly  deemed  most  signifi- 
cant. The  dependence  of  wildlife  on  specific  vegetation  lifeforms  permits 
a general  correspondence  of  wildlife  distribution  with  that  of  vegetation. 
However,  many  animals  must  perform  numerous  activities  and  may,  therefore, 
be  found  in  differing  habitats  during  the  day  or  night  (e.g. , nesting  and 
feeding  habitats)  and  during  different  seasons.  This  difficulty  most  generally 
affects  studies  of  birds  rather  than  mammals.  Often  a bird  list  of  the 
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entire  project  area  may  be  supplemented  by  a map  locating  fixed  points  of 
use  (roosts,  nests,  watering  areas,  and  particularly  well  used  feeding 
ground).  Interpretative  information  of  food  chains  or  webs  (trophic 
structure)  may  be  derived  from  the  composition  and  distribution  of  wildlife 
within  the  project  area  and  vicinity. 

Most  terrestrial  vertebrates  range  over  large  areas.  This  fact  requires 
that  information  of  similar  type  be  gathered  regarding  adjacent  areas.  For 
example,  foraging  or  nesting  may  occur  within  the  project  area,  while  other 
necessary  activities  may  be  limited  to  some  other  area.  Loss  of  the  activity 
areas  within  the  project  area  may  or  may  not  remove  the  total  area  for  one 
or  a group  of  activities  required  by  those  animals  within  the  project  area 
and  in  the  vicinity  (perhaps  within  the  region).  Detailed  studies  of  the 
vicinity  or  region  of  the  project  area,  and  a somewhat  lower  resolution 
investigation  of  vegetative  communities  (and  thereby  the  correlated  wildlife) 
of  the  vicinity  and  up  to  50  times  the  maximum  diameter  of  the  area  should 
be  undertaken  (if  it  was  not  during  project  area  selection  process). 

The  following  is  a theoretical  (but  well-founded)  example  of  the 


typical  terrestrial  wildlife  which  may  be  encountered,  given  the  constraint - 
of  the  overall  dredge  spoil  disposal  problem  in  the  bay  area.  Potential 
impacts  are  assessed  and  compared  for  significance. 


Areas  within  the  San  Francisco  Bay  Region  between  Mean  Higher  High 
Water  but  below  60  feet  above  MHHW  may  include  some  fresh  and  brackish 
marshes,  slough  or  creeks  with  shrubs  or  trees,  and  most  comonly  grasslands 


Most  grasslands  of  the  bay  region  are  not  "natural"  grasslands  but 
are  composed  primarily  of  accidentally  or  purposefully  introduced  European 
and  Asian  grasses  and  herbs.  The  grasslands  are  frequently  grazed,  and 
ungrazed  grass  may  be  harvested  for  winter  fodder  or  sold.  Areas  of  large 
size  (100  acres  or  more)  suitable  for  material  disposal  will  generally  be  of 
low  relief  and  low  to  moderate  drainage.  Soils  will  be  deep  and  normal 
soil  moisture  will  be  moderate  to  high  throughout  most  of  the  year.  Low 
swales  or  depressions  of  the  fields  will  maintain  higher  soil  moisture  and 
may  be  completely  innundated  during  the  rainy  season.  The  abundant  to 
excessive  moisture  will  retard  many  terrestrial  plants  and  encourage  local 
occurrences  of  marshland  plants  (salt  grass  and  pickleweed) . 

Although  soil  and  moisture  conditions  may  provide  adequate  conditions 
for  large  production  of  food,  overgrazing,  excessive  harvesting,  or 
occasional  cultivation  may  disturb  a healthy  cover.  Herbaceous  plants  and 
shrubs  (particularly  salt  bush,  coyote  bush,  etc.)  may  invade  the  margins 
or  disturbed  areas  of  the  grasslands.  Overgrazing  will  promote  colonization 
of  herbs  (especially  many  introduced  species)  and  can  change  soil  moisture 
balance  and  soil  structure. 

Within  this  context  of  coastal  grasslands  (or  cultivated  croplands) , 
the  composition  and  abundance  of  terrestrial  wildlife  will  generally 
respond  to  the  height  of  the  dominant  vegetation:  greater  height  (2-3  feet 

rather  than  1-6  inches)  generally  provides  greater  abundance  and  variety  of 
species.  Greater  height  of  vegetation  correlates  with  greater  litter  and 
humic  content  on  and  in  the  soil  , with  greater  probability  of  additional 
lifeforms  (shrubs  and  trees),  and  with  greater  habitat  diversity. 


Therefore,  by  correlation  of  wildlife  with  height  or  abundance  of 
vegetation,  a general  assessment  of  the  effects  of  construction,  operation, 
and  eventual  use  of  a land  disposal  area  upon  the  wildlife  can  be  made 
quite  readily.  Shorter  grasslands  and  wildlife  will  be  less  affected  by 
disturbance,  burial,  and  eventual  use  of  recolonization  than  higher  vege- 
tal ion . 

Greater  numbers  of  wildlife  will  be  affected  by  disposal  in  higher  than 
in  shorter  grasslands,  both  in  terms  of  species  and  individuals.  However, 
because  of  differences  in  the  structures  of  these  two  communities,  factors 
other  than  in  the  short  grass,  ground  squirrels,  gophers,  and  some  pocket 
mice,  kangaroo  rats,  harvest  mice,  meadow  voles  and  jack  rabbits  will  be 
affected.  Losses  among  these  species, even  if  low  in  number,  will  indi- 
rectly diminish  prey  for  coyotes,  badgers,  hawks,  kites,  vultures,  and 
owls  which  require  an  open  habitat  for  foraging.  Greater  vegetative  height 
provides  cover  for  prey  species  to  escape  most  avian  predators.  Mammalian 
predators  are  more  adapted  to  the  chase  or  ambush  in  denser  vegetation,  and 
these  may  include  those  found  in  the  short  grasses  and  a greater  number  of 
carnivores  (especially  among  the  mustelids  or  weasels).  The  small  mammals 
of  high  grasses  will  include  harvest  and  deer  mice,  meadow  vole  shrews, 
moles,  and  brush  rabbits.  Greater  1 etat Lve  cover,  correlated  productivity 
and  variety  of  li reforms  provide  shelter  and  food  for  a greater  variety 
of  birds.  Greater  shelter  allows  nest  building  in  less  exposed  sites  than 
in  short  grasses. 
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Botany 


In  evaluating  the  impacts  of  dredge  spoil  disposal  on  the  botany  of 
a given  site,  values  and  benefits  of  the  existing  plant  communities  (sci- 
entific, economic,  ecological  and  aesthetic)  must  be  compared  with  the 
potential  values  of  the  filled  site.  In  an  ideal  dredge  disposal  site, 
the  potential  benefits  outweigh  those  existing.  An  example  would  be  a 
waste  field  converted  to  a wildlife  refuge  after  dredge  spoil  disposal. 

The  following  matrix  is  used  to  analyze  the  values  of  the  existing 
vegetation  of  dredge  spoil  sites  and  other  sites  of  possible  impact. 

Since  the  criteria  and  values  are  mostly  subjective,  the  data  should  not 
be  interpreted  quantitatively. 

Criteria  'or  evaluating  the  botanical  potential  of  a filled  area 
are  summarized  in  the  sample  data  sheet  following  the  matrix.  Some  of 
the  criteria  do  not  easily  fit  into  the  matrix  form,  but  this  data  shee+ 
should  present  the  needed  data  in  a concise  and  easily  understood  form. 

In  assessing  the  impacts  of  terrestrial  dredge  spoil  disposal,  route 
of  transportation  (usually  the  pipeline  route)  and  any  areas  of  possible 
overflow  must  be  considered  in  addition  to  the  disposal  site  itself. 


• Botanical  potential  of  filled  dredge  disposal  site 


& 


* 


> 


A.  Potential  for  natural  succession  

1)  little  or  none 

2)  colonization  by  introduced  species  likely,  leading  to  permanent 
waste  field  common i ty 

3)  colonization  by  introduced  species,  leading  to  a native-dominated 
plant  community 

B.  Potential  for  induced  succession  

1)  will  support  native  plant  species  if  planted 

2)  will  support  introduced  plant  species  if  planted 

C.  Methods  of  improving  potential 

1)  Addition  of  topsoil 

2)  Leeching  toxic  substances 

3)  Addition  of  fertilizer 

A)  Introduction  of  plants  to  improve  soil  for  further  succession 
5)  Other 

D.  Aesthetic  potential 

good  fair  poor 

K.  Potential  uses  of  dredge  spoil  vegetation 

good  fair  poor 

1)  Wildlife  habitat 

2)  Agriculture 

3)  Grazing 

■1)  Recreation 
!•’.  Ecological  potential 
t)  flood  control 

2)  Erosion  control 

3)  Screen  for  nnaeslhel  ic  are,. 


h 
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• Significance  of  Criteria  Chosen 

1.  Degree  of  modi ficat ion  ol  plant  communities  previous  to  dredge  disposal. 

Unmodified  plant  communities  or  lliose  tliat  have  undergone  succession 
to  become  essentially  as  they  were  before  modification  have  the  highest 
priority  for  preservation.  These  plant  communities  are  significant  because 
they  are  relatively  rare  and  ax-e  most  likely  to  support  rare  species  and 
associations.  The  unmodified  plant  community  represents  the  highest  degree 
in  the  development  of  interrelations  among  organisms  and  between  organisms 
and  their  environment.  It  is  from  I hese  natural  communities  itiat  the  most 
information  about  the  ecology  of  California  can  be  derived,  but  only  if 
they  are  preserved. 

In  highly  modified  plant  communities,  preservation  is  of  less  concern, 
especially  if  the  site  has  been  rendered  unsuitable  for  recolonization  by 
native  or  useful  species.  In  this  case,  dredge  spoil  disposal  will  have 
a neutral  or  possibly  even  a positive  effect  if  the  resulting  plan! 
community  is  more  useful  or  more  aesthetically  pleasing  than  the  previous 
one . 

Basically,  in  highly  modified  plant  communities,  most  of  the  potential 
adverse  impacts  have  already  taken  place  and  further  modification  lias 
little  further  adverse  effect. 

2.  Botanical  significance.  The  flora  should  he  evaluated  in  terms  of 
the  scientific  value  of  the  plants  themselves. 

a.  Rare  or  endangered  species.  If  any  rare  or  endangered  plants  are 
observed  or  expected  on  the  site,  a priority  for  preservation  is  established. 
Rare  and  endangered  species  are  an  irreplaceable  element  of  the  California 
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b.  Specios  at  the  limits  of  their  range  can  potent  i al  1 v pr  !• 


s 

1 


vain  able  into  nun  t i on  concern  1 ng  adaptation  and  it  I : per.  ion  o 1 p t . I 

c.  A rare  plant  association  (two  or  more,  often  common  pi-cii  ■: 
existing  in  an  unexpected  combination)  may  I >< • an  indicat  ion  "|  m ■ 

unusual  environmental  condit  ion  (microclimate,  soil  , etc.)  or  an  unusual  3 

plant  interrelationship.  Unless  Ibis  association  i found  to  lie  purely 
accidental  (one  species  was  deliberately  or  accidentally  artificially  intro- 
duced) such  an  association  should  lie  preserved  for  botanical  ini  crest. 

d.  The  rare  plant  community  or  bain  tut  covers  a broader  scope  than 
the  plant  association,  and  in  addition  to  its  botanical  s i gni  f i < ant  e the 
rare  plant  community  is  likely  to  .support  rare  animal  species.  These 
rare  plant  communities  often  represent  the  remains  of  co  inanities  that 
were  widespread  in  the  recent  past  and  now  can, at  best,  be  preserved  as 
natural  museums. 

3.  Aesthetic  value. 

Especially  in  modified  plant  communities  an  aesthetically  modified 
plant  community  lias  higher  priority  for  preservation  than  an  unaestheti cally 
modified  one.  For  example,  a park  area  may  be  art i fi ci ally  landscaped 
but  it  is  more  pleasant  than  a dredge  disposal  site.  A garbage  dump  or 
junkyard,  however,  may  actually  be  improved  aesthetically  if  uivired  by 
dredge  spoils  and  revegetatod. 

An  unmodified  plant  community  usually,  but  not  always,  has  a high 
aesthetic  value. 
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Existing  beneficial  uses  of  plunl  communities. 


The  existing  benefits  of  the  vegetation  must  be  weighed  in  relation 
with  the  benefits  of  the  site  for  dredge  spoil  and  with  the  potential 
benefits  of  the  rehabilitated  dredge  spoils.  If  a site  is  now  economically 
or  ecologically  more  valuable  than  it  would  be  as  a dredge  disposal  site, 
then  it  would  be  unsound  either  economically  or  ecologically  to  use  it 
for  dredge  disposal. 

a,b.  Flood  control  and  erosion  control  vegetation  is  often  an 
important  factor  in  flood  and  erosion  control  and  it  should  be  determined 
if  modification  of  the  plant  community  will  increase  the  flood  and  erosion 
hazard.  The  dredge  spoil  containment  structure,  if  properly  constructed 
can  often  act  as  a flood  control  structure  as  effective  as  the  vegetative 
cover,  or  more  effective  than  a poor  vegetative  cover.  Uevegetation  of 
the  spoils  during  and  after  disposal  can  help  prevent  erosion. 

c.  Screening  unaesthetic  area  if  the  present  vegetation  screens  a 
visually  unpleasant  area  it  should  be  preserved.  If  a proposed  dredge 
spoil  site  can  potentially  act  as  such  a screen  after  fill  and  revegetation 
it  may  be  a good  site  for  that  kind  of  land  use. 

d.  Noise  interception 

Only  a site  with  tall,  dense  vegetation  is  effective  in  inter- 
cepting noise,  and  such  a site  would  probably  be  unsuitable  for  dredge 
spoil  disposal  for  other  reasons, 

e. f.  Pollution  filtering,  oxygen  cycling 

Vegetation  is  necessary  to  the  oxygen  and  other  essential  gas 
cycles  on  earth  and  is  one  of  the  important  factors  in  reducing  air 
pollution.  Its  effectiveness  is  mainly  related  to  leaf  surface-area, 


although  certain  plants  are  better  pollution  interceptors  than  ollu  is. 

* 

It  should  be  determined  whether  the  predredge  spoil  n immuni ty  or  the 
potential  postdredge  spoil  community  is  more  effective. 

g.  Wildlife  benefits 

Preservation  of  wildlife  is  one  of  the  prime  concerns  ot 
environmentalists  and  of  anyone  concerned  with  preservation  oi  the  environ- 
mental quality  of  the  earth.  Since  wildlife  is  directly  dependent  on  the 
plant  community  the  existing  and  potential  wildlife  benefits  of  the  vegeta- 
tion should  be  considered  in  choosing  a dredge  disposal  site. 

h.  Uecreation 

If  present  vegetation  provides  good  recreational  it;  e (picnii  : 
hiking,  berry  picking,  hunting,  etc.)  it  is  worth  preserving.  I!  a site- 
can  be  improved  for  recreational  use  by  revegetation  of  dredge  spoil  f II 
it  may  be  a favorable  site  for  such  use. 

i .  j . Agricultural,  grazing 

Priority  for  preservation  of  agricultural  and  graziiq  land  s 
not  as  high  os  for  natural  plant  communities,  but  such  land  use  is  ecu 
nomically  profitable  and  is  now  diminishing  in  quantity.  With  a pnssi: 
food  shortage  it  may  not  be  wise  to  convert  agricultural  or  grazing  land 

| 

to  another  type  of  land  use.  Dredge  spoil  disposals,  however,  mat  be 

K 

suitable  for  some  types  of  agriculture,  and  in  this  case  the  proposed 

B 

land  use  may  be  favorable,  especially  il  the  existing  plant  cor  .muni t - 
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are  not  of  a type  that  lias  high  priority  for  preservation. 
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7.  AQUATIC  BIOLOGY 
I nt roduct ion 

Aquatic  biology  'as  defined  here  includes  any  and  all  aquatic  habitats 
which  may  be  affected  by  the  land  disposal  of  dredge  spoils.  As  such  it 
will  very  likely  include  the  following: 

a)  freshwater  rivers,  streams,  lakes  or  ponds 

b)  brackish  water  shallows  , including  the  estuaries  of  streams  influ- 
ent to  San  Francisco  Bay 

c)  marine  environments,  taken  to  include  areas  of  high  salinity 
within  San  Francisco  Bay 

d)  the  biota  of  the  aqueous  phase  of  impounded  dredge  spoils  subse- 
quent to  land  disposal. 

The  aquatic  biological  community  is  a complex  one,  involving  a large 
number  of  individuals  and  species  that  are  integrated  into  an  interdependent 
biological  system.  The  characteristics  of  that  system  as  observed  at  any 
given  point  are  a product  of  many  interrelated  factors  including: 

1)  physicochemical  characteristics  of  the  habitat,  including  verage 
and  extreme  temperature  ranges,  salinity,  pH , incident  solar 
radiation  and  the  concentration  of  a large  number  of  biologically 
active  chemical  species 

2)  the  amounts  and  kinds  of  biological  loading, as  influenced  by  the 

H _ 

4 ■ \ 

drainage  area  of  the  stream  or  by  contribution  from  adjacent 

iCh  t 

terrestrial  habitats 

3)  The  past  history  of  the  environment,  including  both  natural  and 
human  related  factors.  The  dependence  of  the  system  on  past 


Minimum  Baseline  Information 

1.  Basic  data  from  results  of  water  quality  investigation  above. 

2.  Microbiology 

a.  Planktonic  species  including  bacteria,  algae,  protozoa, 
and  permanently  and  transitionally  planktonic  forms 

b.  NektoniC  (free-swimming)  species,  including  fish,  aquatic 
insects  and  f ree-swimmi ng  invertebrates 

c.  Benthic  forms  including  the  whole  range  of  benthic  organisms: 
protozoa  and  algae,  lower  and  higher  invertebrates;  worms, 
molluscs,  crustaceans,  etc.;  as  well  as  benthic  fish. 

PI ankton  - The  plankton  investigations  must  be  thorough  enough  to  identify 
the  kinds  and  amount  of  primary  production  which  are  occurring  in  the 
habitat.  This  information  is  vital  in  assessing  the  wasteload  carrying 
capacity  of  the  water  body;  the  value  of  the  site  as  habitat  for  higher 
organisms;  currently  existing  pollution  loads,  either  of  total  organic 
material  or  toxic  wastes;  the  potential  effect  of  increased  biological 
oxygen  demand  such  as  that  from  organic  rich  dredge  spoils;  the  potential 
for  the  biological  concentration  of  toxic  materials  derived  from  the  dredge 
spoils  or  from  other  sources. 

Also  included  among  the  plankton  are  the  larval  stages  of  many  species 
of  vertebrates  and  invertebrates,  including  many  species  of  commercially 
valuable  fish  and  crabs.  Examination  of  the  plankton  can  identify  the 
extent  to  which  sue!  larval  forms  are  present  on  a seasonal  basis  and 
thus  what  effect,  if  any,  can  be  expected  with  respect  to  adult  populations 
as  a result  of  human  interference  with  planktonic  populations.  Planktonic 
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larvae  are  usually  a more  important  consideration  in  brackish  and  marii.<- 
habitats  than  in  fresh  water  because  there  are  in  general  more  marine 
than  fresh  water  organisms  which  have  a planktonic  stage  in  their  life 
cycles . 

Nek  ton  - Included  in  the  nekton  are  the  vast  majority  of  fishes,  as  well 
as  some  invertebrates  including  aquatic  insects  and  certain  Crustacea. 

The  adult  stages  of  most  commerci ally  value  fish  species  are  included  in 
this  group;  considerable  attention  is  therefore  usually  paid  to  nektonic 
censuses.  The  baseline  should  contain  information  about  the  abundance  and 
distribution  of  all  nektonic  species,  with  greater  attention  being 
devoted  to  those  of  commercial  value  and  any  rare  or  endangered  forms 
which  may  be  present. 

The  study  should  include  consideration  ul  both  resident  and  transient 
populations.  Included  among  the  important  transient  species  in  the  Bay 
ecosystem  are  the  anadromous  salmon,  steelhead,  striped  bass  and  sturgeon. 

The  effect,  if  any,  of  dredging  operations  on  migratory  spawning  runs  of 
these  species  may  figure  prominently  in  the  evaluation  of  some  potential 
disposal  sites. 

The  benthic  community  includes  those  organisms  which  live  in  or  on 
the  solid  substrate.  Benthic  populations  normally  include  a large 
represent  at  ion  of  invertebrate  forms,  including  molluscs,  Crustacea  and 
a variety  of  polychaete  and  other  worms  being  much  in  evidence. 

Benthic  populations  figure  prominently  in  the  nutrition  of  many 
nektonic  species  including  many  of  commercial  importance.  This,  coupled 
with  the  intrinsic  value  of  the  benthic  community  per  sc  and  its  susceptibility 


makes*  u j.*ood 


to  damage  from  siltatlon,  oxygen  depletion  and  other  factor*,  i al 
benthic  baseline  essential  in  any  reasonable  environmental  md\  A .ndance 
and  distribution  of  all  well -represented  species  should  be  ascertained, 
specifically  including  polychaetes  , oligochaetes  , crustac-ea,  molluscs 
(including  micromolluscs)  as  well  as  any  benthic  vertebrates . 

in  Shallow  water  habitats,  benthic  algae  and  vascular  plants  may 
be  significantly  represented.  It  so,  their  abundance  and  distribution 


should  be  ascertained. 


In  marine  and  brackish  water  habitats,  the  higher  plants  are  poorly 
represented.  Eel-grass  (Phyllospadix  spp.)  is  the  only  marine  vascular 
plant  of  major  significance.  Consequently,  in  marine  and  brack  i • h v.  a ter 
habitats  (exclusive  of  salt  and  brackish  water  marshes)  the  numerous  species 
of  both  microscopic  and  macroscopic  algae  will  be  of  major  importance. 

In  fresh  water  habitats,  vascular  plants  may  play  a more  significant 
role,  although  in  the  Bay  region  aquatic  botany  may  be  expected  in  focus 
primarily  on  the  highly  diverse  floral  types  included  within  tin.  ilgae. 
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8. ARCHAEOLOGY 

Coastal  lands  of  Central  California  are  known  to  hace  supported  threat 
numbers  of  native  Americans  and  early  European  colonizers.  The  dependency 
of  early  peoples  upon  San  Francisco  Hay  and  the  shallows  of  the  outer  coast 
for  food  and  transportation  tends  to  localize  concentrations  of  archaeologic 
remains  within  zones  of  1 to  5 miles  from  the  water's  edge.  Within  the  San 
Francisco  Bay,  the  intertidal  and  shallow  subtidal  areas  provided  shellfishes, 
fishes,  birds,  and  some  mammals  (especially  sea  otter)  for  the  tribes  surround 
ing  the  Bay.  However,  occupation  centered  largely  at  points  or  prominences 
which  extended  through  the  marshes  and  provided  access  to  open  water  at  the 
point  and  mudflats  or  marshes  on  the  side. 

Prehistoric  occupations  origi  ally  near  water's  edge  may  be  somewhat 
inland  from  their  original  relationship  due  to  natural  and  artificial  filling 
of  the  shoreline. 

• Guidelines  for  Archaeology 

1.  Literature  and  unpublished  report  surveys 

2.  General 
Location 

• Distance  from  existing  shoreline  (either  open  water,  marsh 
or  mudflatt 

• Percent  of  area  at  20  feet  above  mean  sea  level 

• Maximum  relief  and  clistance  of  maximum  gradient  to  shoreline 


E - 46 


< Geology 
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• Area  (1)  Quaternary  alluvium  <>r  li  n.m  , -dimeni 
Area  (2)  pre— Qua  ternary  bedrock 

Area  (3)  Well-differentiated  soil 
Area  (1)  un-di  f ferent  fated  (raw)  soi  Is 
On-site  survey  by  qualified  archaeologist 

• Black  earth  shell  middens  (typical  coastal  occupatior 
indicator)  on  prominences 


9.  AESTHETICS 

Aesthetic  resources  of  a proposed  project  area  involves  the  sensory 
qualities  (appearance,  odor,  sound,  etc.)  and  the  potential  receptors  (people) 
who  will  experience  these  qualities.  Although  aware*  ot  the  considerable 
variation  of  interpretation  of  the  received  sensory  qualities,  sonu  basic 
guidelines  can  be  derived  for  the  study  ot  aesthetic-  in  relationship  to  the 
proposed  projects. 

Guidelines 


location 

• Distance  and  direction  to  open  water 

to  highways 

to  commercial  or  industrial  units 
to  airport 

• Height  of  area  above  viewing  points 

• Relief  of  surface  within  site 

• Relief  of  surface  within  1000  feet  ot  site  perinu  u r 
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Project  design 


• Total  area 

• Perimeter  length 

• I.evee  height  and  relief  or  slope 

• Number  of  sub  units  within  area 

• Duration  of  filling 

• Eventual  use 
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10.  NOISE  AND  TRAFFIC 
I nt roduct ion 

In  the  context  of  the  dredge  spoil  disposal  problems  noise  and 
traffic  considerations,  two  topics  normally  considered  in  the  preparation 
of  an  EIR,  may  be  expected  to  play  a minimal  role.  The  only  potentially 
significant  impacts  would  occur  a)  during  construction  of  impoundment 
structures  on  the  site  and  b)  during  actual  deposition  of  the  dredged 
material.  There  are  no  significant  direct  long-term  impacts.  Consequently 
the  data  requirements  to  establish  ambient  noise  levels  can  be  expected 
to  be  minimal.  This  statement  applies  equally  well  to  the  effect  of  the 
project  on  traffic;  only  during  the  construction  phase  will  traffic  be 
materially  affected. 

Baseline  Data 

In  the  event  that  baseline  data  for  the  construction  phase  is  desired 
(for  example,  due  to  proximity  of  the  proposed  site  to  a particularly 
noise-sensitive  installation)  routine  monitoring  of  ambient  sound  levels 
should  entail  few  difficulties  and  make  minimal  technical  demands  on  th< 
analytical  talents  of  trained  personnel. 

Comparison  of  this  information  with  available  data  on  noise  generated 

* 

by  construction  equipment. 


*e.g.,  Noise  from  Construction  Equipment  and  Operation,  Building  Equipment, 
and  Home  Appliances,  National  Technical  Information  Document  300.1.  National 
Technical  Information  Service,  Springfield,  Virginia.  Prepared  for 
Environmental  Protection  Agency  by  Bolt,  Beranek  and  Newman,  December  1971. 
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PUBLIC  HEALTH 


I 


lilt  roduc  l ion 

Public  health  considerations  are  pertinent  to  the  proposed  investiga- 
tion for  basically  two  reasons. 

1)  Associated  with  the  dredge  spoils  is  a finite  but  presently 
undefined  health  hazard  which  is  due  to  the  toxic  metals  and  other 
substances  contained  in  the  sediment.  Although  the  possibility  of  a 
significant  public  health  problem  arising  out  of  this  circumstance  is 
remote,  the  potential  seriousness  of  such  an  impact,  should  it  occur, 
warrants  the  development  of  a data  base  adequate  to  place  the  potential 
risk  in  its  proper  perspective. 

2)  The  dredge  spoil  disposal  impoundments,  particularly  during  and 
immediately  after  the  deposition  process,  may  constitute  a physical  hazard 
and  represent  an  attractive  nuisance.  It  would  probably  be  necessary  in 
an  EIR  to  address  this  question,  with  particular  attention  being  paid  to 
the  effectiveness  of  mitigating  measures,  specifically  the  effectiveness 
of  measures  designed  to  restrict  access  to  the  site  during  the  construc- 
tion and  filling  operations. 

There  is  also  the  possibility  for  encouraging  the  growth  of  mos- 
quitos in  the  water  impounded  during  the  initial  phases  of  settlement. 
However,  the  high  salinity  of  this  water  should  largely  preclude  this 
problem . 

Baseline  Data 

The  necessary  baseline  information  required  to  evaluate  public 
health  considerations  can  be  taken  from  other  sources  previously  mentioned, 
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particularly  from  the  water  quality  and  aquatic  biology  sections.  Ydd 


tional  pertinent  information  can  be  derived  from  chemical  analyses  carried 
out  on  the  specific  sediments  of  a given  dredge  site.  This  data  can  be 
coupled  with  the  results  of  experiments  currently  underway  which  seek 
to  describe  the  chemical  behavior  of  specific  toxic  materials  in  the 
context  of  the  dredge  spoil  disposal  problem  and  the  chemical  parameters 
which  obtain  under  actual  field  conditions.  Taken  together,  this  in- 
formation should  be  adequate  to  assess  the  potential  for  a public  health 
problem  arising  out  of  the  disposal  of  dredge  spoils  to  land. 


12.  LAND  USE 


Introduction 


The  deposition  of  dredge  spoil  material  on  terrestrial  sites  has 
among  other  consequences  a distinct  effect  on  the  ultimate  suitability 
of  the  site  for  a variety  of  potential  uses.  The  deposition  of  the 
material  can  result  in  significant  changes  in  a number  of  physical 
parameters.  Most  such  changes  can  be  mitigated  or  significantly  al- 
tered either  during  the  active  life  of  the  disposal  site  or  subse- 
quent to  complete  utilization  of  its  disposal  capacity.  The  following 
are  some  of  the  site  characteristics  which  are  affected  by  the  dis- 
posal operation: 

(a)  General  elevation  and  natural  land  contours  are  changed. 

(b)  Surface  water  drainage  patterns  are  altered. 

(c)  Permeability  of  the  area  to  natural  water  infiltration 
is  reduced 

(d)  Surface  and  subsurface  soil  characteristics  are  changed, 
influencing  the  potential  utility  of  the  site  for  agri- 
cultural, construction,  or  other  purposes. 

Because  of  this  influence  on  the  physical  characteristics  of  the 
site,  the  disposal  operation  has  at  least  the  potential  for  materially 
influencing  both  public  and  private  decisions  concerning  ultimate  land 
use.  For  this  reason,  it  is  particularly  important  that  the  location 
of  disposal  sites  be  determined  in  such  a way  as  to  be  compatible  with 
currently  existing  and  anticipated  land  use  plans.  By  proper  planning, 
with  respect  both  to  site  location  and  to  techniques  of  disposal,  it 
may  well  be  possible  for  land  disposal  operations  to  be  of  direct  bene- 
fit to  the  overall  socioeconomic  condition  of  the  Bay  area.  On  the 
other  hand,  improper  or  inadequate  planning  could  lead  to  disposal 
practices  which  were  of  decided  detriment  to  the  Bay  community  — 
through  the  destruction  of  important  habitat  or  by  encouraging  unde- 
sirable patterns  of  growth. 


Baseline  Data 


For  these  reasons,  expressed  public  policy  as  well  as  the  h sires 
and  goals  of  concerned  private  groups  must  be  thoroughly  evaluated  dur- 
ing the  preparation  of  the  environmental  impact  report.  Detailed  atten- 
tion should  be  paid  both  to  the  specifications  and  implied  intention  of 
regional  planning  documents;  such  documents  exist  for  most  Bay  area 
counties.  The  published  policies  of  regulatory  agencies  such  as  the  San 
Francisco  Bay  Conservation  and  Development  Commission  and  organizations 
such  as  the  Association  of  Bay  Area  Governments  will  be  prime  sources  of 
information  for  determining  public  attitudes  and  currently  mandated  land 
use  patterns. 

It  will  be  of  considerable  importance  to  contact  private  interest 
groups  which  are  concerned  with  the  fate  of  specific  geographic  regions 
as  well  as  the  public  agencies  which  are  primarily  responsible  for 
regulation  of  resource-related  matters.  For  example,  there  are  a number 
of  groups  such  as  the  Audubon  Society  that  are  concerned  with  wildlife 
values  for  which  the  California  Department  of  Fish  and  Game  is  primarily 
responsible.  Such  private  groups  not  only  express  significant  elements 
of  private  opinion,  but  also  frequently  possess  valuable  information  con- 
cerning technical  aspects  of  the  site  and  the  natural  processes  that 
would  be  affected  by  the  project. 

Mitigation  Measures 

The  impact  statement  process  calls  for  discussion  of  measures  which 
could  be  taken  to  mitigate  the  environmental  impact  of  the  proposed  pro- 
ject. The  impacts  which  will  have  to  be  addressed  will  in  part  be  de- 
fined in  relation  to  extant  land  use  plans.  Once  the  intended  use  of 
the  site  is  known,  it  will  be  possible  to  adjust  filling  and  management 
procedures  to  maximize  the  compatibility  of  the  operation  with  the  in- 
tended ultimate  use.  The  following  is  a discussion  of  some  of  the 
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potential  ultimate  uses  of  lane!  disposal  sites  and  the  ways  in  which 
the  disposal  operation  could  be  modified  to  be  most  compatible  with 
that  ultimate  use. 

Agricultural 

Many  of  the  proposed  sites  are  currently  being  used  for  agriculture, 
and  It  may  be  desirable  to  return  to  agriculture  after  the  site  is  filled. 
The  following  are  examples  of  measures  whicli  might  tend  to  facilitate  a 
return  to  agricultural  production: 

1)  During  the  site  preparation  phase,  top  soil  could  be 
removed  and  stockpiled,  eventually  to  be  spread  over 
the  spoils  at  the  end  of  the  project's  life. 

2)  The  characteristics  of  the  spoils  could  be  altered 
by  both  physical  and  chemical  means  to  improve  its 
ability  to  support  crops.  This  might  include  mix- 
ing the  spoils  with  certain  types  of  solid  wastes 
from  municipal  or  certain  industrial  sources,  per- 
haps including  sewage  sludge. 

Open  Space 

Suitable  open  space  for  recreation  and  other  purposes  is  in  short 
supply  in  many  places  throughout  the  Bay  area.  The  dredge  spoil  dis- 
posal operation  could  be  made  compatible  with  a variety  of  open  space 
options,  including  park  and  recreation  areas  as  well  as  habitat  for 
wildlife.  The  suitability  of  a filled  disposal  site  will  again  be  a 
function  of  the  physical  effects  of  the  disposal  operation  on  the  site. 
Thus  it  will  be  necessary  to  determine  what  kind  of  ultimate  open  space 
use  is  anticipated  before  filling  procedures  are  begun.  The  homogeneity 
of  the  deposited  dredged  material  could  eventually  facilitate  the  prep- 
aration of  a variety  of  recreational  facilities,  including  parks,  facil- 
ities for  water  sports,  and  so  on. 
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One  advantage  of  the  dredge  disposal  operation  .s  t.  it  i'  pos- 
sible to  derive  some  interim  use  from  the  site  (i.e.,  ist  it  : ::^dgt 

spoil  disposal),  while  at  the  same  time  assuring  its  availnbi J i tv  for 
use  at  a fairly  predictable  date  in  the  future.  Land  disposal  may  thus 
be  a useful  planning  tool  for  the  maintenance  of  open  space  areas  if 
care  is  taken  to  coordinate  closely  with  planning  agencies  and  ’.hers 
with  an  interest  in  land  use  questions. 

Engineered  Fill 

If  filled  areas  were  designated  for  eventual  urban  development,  it 
is  likely  that  the  deposited  spoils  could  be  handled  so  that  their  load- 
bearing  and  other  physical  characteristics  were  optimal  from  an  engi- 
neering standpoint.  It  should  be  borne  in  mind  that  physical  properties 
that  are  desirable  from  an  engineering  standpoint  may  be  diametrically 
opposed  to  the  characteristics  that  would  be  most  advantageous  to  agri- 
culture. This  once  again  points  out  the  necessity  for  advance  planning 
with  regard  to  the  intended  ultimate  use  of  the  site. 

Buffer  Zones 


Dredge  spoil  disposal  may  have  some  value  in  creating  ufft  . 
between  otherwise  adjacent  incompatible  uses.  For  examp’  , : • '"a  be 
desirable  to  locate  a disposal  operation  between  natural  wildlife  areas 
and  encroaching  urban  development.  A positive  feature  of  the  disposal 
operation  would  be  the  inherent  barrier  to  access  which  the  disposal  site 
represented.  Further,  the  site  may  have,  during  the  filling  operation,  a 
certain  utility  as  wildlife  habitat  of  marginal  though  perhaps  si  nificar.t 
value.  Upon  completion  of  filling,  provision  could  he  -ade  for  more  per- 
manent features  to  restrict  or  control  access  in  perpetuity. 
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It  should,  however,  be  borne  in  mind  that  the  compatibility  <f 
dredge  spoil  disposal  with  wildlife  habitats  has  not  been  proven  and 
should  be  thoroughly  investigated  before  being  undertaken.  Also, 
creation  of  the  buffer  zone  should  not  be  made  at  the  expense  of  ex- 
isting wildlife  habitat  of  high  quality,  such  habitat  already  being 
in  critically  short  supply. 

Drainage  and  Erosion  Control 

Because  of  the  implicit  effect  of  the  disposal  program  on  ex- 
isting land  forms,  there  is  at  least  the  potential  for  using  the 
operation  to  improve  patterns  of  surface  water  drainage  and  to  con- 
trol runoff.  It  is  at  least  conceivable  that  the  disposal  opera- 
tion could  be  designed  to  control  the  salinity  of  certain  wetland 
areas  by  preventing  salt  water  intrusion  during  periods  of  low  flow. 
This  program  might  be  integrated  with  plans  designed  to  offset  the 
effects  of  the  Peripheral  Canal  should  it  or  similar  projects  be  im- 
plemented. It  is  possible  that  the  deposition  of  the  dredge  spoil 
material  in  the  Delta  Island  sites  might  help  to  prevent  oxidation 
of  peat  deposits,  thereby  protecting  that  resource  including  the 
natural  gas  produced  from  these  layers,  as  well  as  controlling  the 
subsidence  that  is  associated  with  oxidation  of  the  peat. 
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SUMMARY 


The  purpose  of  Table  3 is  to  summarize  the  information  from  the 
foregoing  listing  of  criteria  so  that  a quick,  rough  comparison  can  be 
made  of  the  nature  of  the  task  posed  by  each  of  the  specific  technical 
areas  that  must  be  investigated.  The  relative  weightings  are  specifically 
applicable  to  the  land  disposal  of  dredge  spoils  on  Bay  area  sites  and 
represent  our  best  professional  judgment  concerning  the  relation  of  each 
technical  area  to  the  whole. 


It  should  be  borne  in  mind  that  the  numbers  Indicated  in  the  table 
are  of  relative  and  subjective  value  only,  and  are  therefore  only  minimally 
amenable  to  manipulation  and  numerical  analysis. 
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INCLOSURE  TWO 


TO 

APPENDIX  J 


LAND  DISPOSAL  OF  DREDGED  MATERIAL 
AND 

ECONOMIC  COMPARISON  OF  ALTERNATIVE  DISPOSAL 
SYSTEMS 

DREDGED  DISPOSAL  STUDY  SAN  FRANCISCO  BAY  AND  ESTUARY 


MODEL  SENSITIVITY  STUDY 


NOTES  APPLICABLE  TO  SCHEMED  1 - VII  ( 1 AGES  3-^) 


All  coses  are  bare.  Do  not  Include  mobilization,  field  engineering, 
supervision,  bonds,  taxes,  contingencies,  overhead  and  profits. 


ASSUMPTIONS  OF  COMPUTER  PROGRAM 

RUN  1 

RUN  2 

Hourly  Cost  Hopper  Dredge 

$<►01  .83 

$606.38 

Capital  Cost  Hopper  Dredge 

Existing 

New 

Value 

$2,003,051.20 

$24,000,000 

Depreciation  Ferlod 

13  years 

50  years 

Other  Equipment 

New 

New 

Value 

See  Tabulation 

Page  4-9 

Depreciation  Period 

20  Years 

50  years 

Hopper  Bulking  Factor 

12% 

25% 

Hydraulic  Dredge  Product! on/Day 

16" 

12,500  cy 

12,500  cy 

?4" 

25,000  cy 

28,000  cy 

30" 

37,000  cy 

44,000  cy 

36" 

50,000  cy 

63,250  cy 

Equipment  Annual  Use 

5,000  Hrs. 

6,500  Hrs. 

■ 





'V.' 


LEGEND  OF  METHODS 


METHOD 


RUN  1 RUN  2 


A 

Hopper/Direct  Pumpout,  scow,  dump  basin,  fixed  pipeline 

104 

57 

B 

18  cy  Clam,  bottom  dump  scows,  dump  basin,  fixed  pipeline 

5? 

25 

C 

Hopper/Direct  Pumpout,  bottom  dump  scow 

105 

58 

D 

Hopper,  bottom  dump 

95 

48 

E 

18  cy  Clam,  bottom  dump  scows 

54 

27 

F 

13  cy  Clam,  bottom  dump  scows 

36 

18 

G 

13  cy  Clam,  bottom  dump  scow,  dump  basin,  fixed  pipeline 

34 

16 

H 

18  cy  Clam/Scows,  transfer  unit,  fixed  pipeline 

51 

24 

I 

Hopper,  transfer  unit,  fixed  pipeline 

96 

49 

J 

Hopper /Pumpout,  scow,  dump  basin,  fixed  pipeline 

107 

60 

K 

36"  Hydraulic  temporary  pipeline 

90 

43 

L 

18  cy  Clam/Scows  transfer  unit,  temporary  pipeline 

48 

2 L 

M 

16"  Hydraulic,  booster  unit,  temporary  pipeline 

61 

29 

N 

13  cy  Clam,  scows,  transfer  unit 

33 

15 

0 

9 cy  Clam,  scows,  transfer  unit 

1* 

6 

P 

18  cy  Clam,  bottom  dump  scows 

54 

27 

0 

13  cy  Clam,  bottom  dump  scows 

13 

18 

R 

9 cy  Clam,  bottom  dump  scows 

9 

9 

S 

36"  Hydraulic,  booster  unit,  temporary  pipeline 

9? 

45 

T 

30"  Hydraulic,  booster  unit,  temporary  pipeline 

82 

40 

U 

24"  Hydraulic,  booster  unit,  temporary  pipeline 

72 

35 

V 

16"  Hydraulic,  booster  unit,  temporary  pipeline 

62 

30 

w 

36"  Hydraulic,  booster  unit,  temporary  pipeline 

93 

46 

X 

36"  Hydraulic,  temporary  pipeline 

90 

43 

Y 

16"  Hydraulic,  booster  unit,  temporary  pipeline 

63 

31 

z 

36"  Hydraulic,  booster  unit,  temporary  pipeline 

91 

44 

A 1 

16"  Hydraulic,  Booster  unit,  temporary  pipeline 

56 

29 

B1 

16"  Hydraulic,  temporary  pipeline 

55 

28 

Cl 

16"  Hydraulic,  temporary  pipeline 

60 

2 


ALTERNATIVE  DISPOSAL 


Scheme  I: 

100  Fathom 

Disposal  Site 

Sulsun 

Mare 

Napa 

Petaluma 

Pinole 

Rid 

Dredge  Site 

Bay 

Island 

R^ver 

River 

* 

Shoal 

L.  1 

Dlsoosal  Site 

100 

Fath 

Distance  Miles 

62 

56 

64 

35 

48 

38 

Run  1 

Least  cost  only  * 

(A)  0.74 

(A)  0.66 

(B)  1.17 

(B)  1.28 

(A)  0.62 

(A) 

Hopper  only** 

(D)  2.47 

(D)  2.33 

(D)  1.93 

(D) 

Clamshell  only** 

(E)  1.21 

(E)  1.19 

(E)  1.18 

(E)  2.36 

(E)  1.05 

(E) 

Hydraulic  only** 

(W)  3.78 

(W)  1.91 

(W)  1.87 

(w> 

Run  2 

Least  coat  only  # 

(A)  0.79 

(A)  0.71 

(B)  0.98 

(B)  1.07 

(C)  0.69 

(E) 

Hopper  only** 

(D)  3.47 

(D)  3.28 

(D)  2.72 

(D> 

Clamshell  only** 

(E)  0.88 

(E)  0.90 

(E)  1.18 

(Q)  1.81 

(E)  0.79 

(E) 

Hydraulic  only** 

(W)  3.46 

(W)  1.70 

(Y)  5.23 

(Y)  6.01 

(W)  1.64 

(W) 

NOTES: 

See  page  numbers  1 & 2 Cor  general  notes  and  legend  of  dredge  i 

♦Large  hydraulics  and  hoppers  not  practical  at  dredge  site  due  I 
dimensions  of  waterway. 

#LeaSt  cost  utilizing  any  system  whether  currently  available,  1 
engineering  and  testing  prior  to  use. 

♦♦Cost  for  currently  available  systems  only  equipment  available  j 
presently  located  In  the  bay-area. 
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ALTERNATIVE  DISPOSAL  SCHEMES 


Pinole 

Shoal 

Richmond 
L.  W. 

San 

Rcfael  Cr. 
★ 

W.  Richmond 
Channel 

Richmond 

Harbor 

Oakland 

Harbor 

San 

Franc  lsco 

Redwood 

City 

100 

Fathom  Line 

48 

38 

40 

36 

37 

38 

39 

56 

1.28 

(A)  0.62 

(A) 

0.76 

(B) 

1.05 

(A) 

0.65 

(A) 

0.80 

(C) 

0.86 

(C) 

0.80 

(C) 

0.91 

(D)  1.93 

(D) 

1.95 

(D) 

1.48 

(D) 

2.01 

(D) 

2.15 

(D) 

1.98 

(D) 

2.46 

2.36 

(E)  1.05 

(E) 

0.89 

(B) 

1.05 

(E) 

0.91 

(E) 

0.84 

(F) 

0.99 

(E) 

0.94 

(E) 

1.10 

(W)  1.87 

(W) 

2.64 

(W  ) 

3.31 

(W) 

2.89 

(W) 

2.48 

(W) 

3.93 

(W) 

3.59 

) 1.07 

(C)  0.69 

(E) 

0.64 

(B) 

0.88 

(E) 

0.67 

(E) 

0.61 

(E) 

0.74 

(E) 

0.68 

(E) 

0.81 

(D)  2.72 

(D) 

2.74 

(D) 

2.08 

(D) 

2.82 

(D) 

3.02 

(D) 

2.78 

(D) 

3.45 

) 1.81 

(E)  0.79 

(E) 

0.  69 

(E) 

1.50 

(E) 

0.67 

(E) 

0.61 

(E) 

0.74 

(E) 

0.68 

(E) 

0.81 

) 6.01 

(W)  1.64 

(W) 

2.40 

(Y) 

7.90 

(W) 

3.05 

(W) 

2.67 

(W) 

2.16 

(W) 

3.64 

(W) 

3.29 

M and  legend  of  dredge  methods. 

leal  at  dredge  site  due  to  narrow  or  shallow 

»r  currently  available,  would  require  extensive 

Illy  equipment  available  although  not  necessarily 
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,1 
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ALTERNATIVE  DISPO 


Scheme  II: 

Petaluma  Land  Disposal  Site 

( 

+19$ 

cu/yd) 

Dredge  Site 

Sulsun 

Bay 

Mare 

Island 

Napa 

R1rr 

Petaluma 

River 

* 

Pinole 

Shoal 

Disoosal  Site 

Petaluma  Land  Dl 

Distance  Miles 

22 

15 

23 

3 

10 

Run  1 

Least  cost  only 

(A) 

0.78 

(A)  0.70 

1.21 

(L) 

1.22 

(I)  0.58 

Hopper  only** 

(D) 

1.36 

(D)  1.16 

(D)  0.84 

Clamshell  cnly** 

(H) 

1.20 

(H)  1.24 

(H) 

1.24 

(H)  1 .10 

Hydraulic  only** 

(S) 

1.94 

(S)  1.04 

(S)  1.03 

Run  2 

Least  cost  only 

(A) 

0.84 

(A)  0.85 

(B)  1.02 

(H) 

1.05 

(I)  0.70 

Hopper  only** 

(D) 

1.74 

(D)  1.47 

(D)  1.03 

Clamshell  only** 

(H) 

1.01 

(H)  1.02 

(H)  1.15 

(H) 

1.05 

(H)  0.93 

Hydraulic  only** 

(S) 

1.71 

(S)  0.88 

(V)  2.65 

(V) 

1.60 

(S)  0.87 

NOTES: 

See  page  numbers  1&2  for  general  notes  and  legend  of  dredge  i 

♦Large  hydraulics  and  hoppers  not  practical  at  dredge  site  d: 
dimensions  of  waterway. 

#Least  cost  utilising  any  system  whether  currently  available, 
engineering  and  testing  prior  to  use. 

♦♦Cost  for  currently  available  systems  only  equipment  avallab! 
presently  located  In  the  bay-area. 
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ALTERNATIVE  DISPOSAL  SCHEMES 


( +19$  cu 

Petaluma 

River 

* 

/yd) 

Pinole 

Shoal 

Richmond 
L.  'rf. 

San 

Rafael  Cr. 
* 

W.  Richmond 
Channel 

Richmond 

Harbor 

Oakland 

Harbor 

San 

Franc lsco 

Redwood 

City 

Petaluma  Land  Disposal  Site 

> 

10 

16 

14 

16 

13 

28 

29 

47 

(L)  1.22 

(I)  0.58 

(A)  0.80 

1.09 

(A)  0.69 

(I)  0.79 

(A)  0.97 

(A)  0.91 

(A)  1.05 

(D)  0.84 

(D)  1.37 

(D)  1.10 

(D)  1.21 

(D)  1.18 

(D)  1.98 

(D)  2.64 

(H)  1.24 

(H)  1.10 

(H)  1.06 

(H)  1.13 

(H)  1.05 

(H)  1.33 

(H)  1.23 

(H)  1.43 

(S)  1.03 

(S)  1.70 

(S)  2.11 

(S)  1.60 

(S)  2.12 

(S)  3.25 

(S)  3.18 

(H)  1.05 

(1)  0.70 

(B)  0.89 

(B)  0.92 

(A)  0.77 

(B)  0.78 

(G)  0.99 

(B)  0.92 

(J)  0.97 

(D)  1.03 

(D)  1.75 

(D)  1.39 

(D)  1.54 

(D)  2.87 

(D)  2.60 

CD)  3.50 

(H)  1.05 

(H)  0.93 

(H)  0.99 

(H)  1.21 

(H)  0.95 

(H)  0.87 

(H)  1.09 

(H)  1.00 

(H)  1.16 

(V)  1.60 

(S)  0.87 

(S)  1.49 

(V)  3.42 

(S)  1.99 

(S)  1.41 

(S)  1.83 

(S)  2.98 

(S)  2.90 

(bs  and  legend  of  dredge  methods. 

metical  at  dredge  site  due  to  narrow  or  shallow 

ther  currently  available,  would  require  extensive 

a. 

■ only  equipment  available  although  not  necessarily 
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ALTERNATIVE  DISPOSAI 


Scheme  III: 

Sherman  Island  Land  Disposal 

( + 17c/Cu/Yd) 

Dredge  Site 

Sulsun 

Mare 

Napa 

Petaluma 

Pinole 

Rid 

Bay 

Island 

River 

River 

Shoal 

E 

* 

* 

■ 

Dlsoosal  Site 

Sherman  1| 

Distance  Miles 

20 

29 

37 

48 

33 

45 

Run  1 

Least  cost  only 

(A)  0.91 

(A)  0.83 

(A)  1.34 

(B)  1.45 

(I)  0.71 

(A 

Hopper  only** 

C°>  1.36 

(D)  1.85 

(D)  1.91 

<D] 

Clamshell  only** 

(H)  1.29 

(H)  1.38 

(H)  2.60 

(H)  1.32 

(H 

Hydraulic  only** 

(S)  2.00 

(S)  1.49 

(S)  1.70 

(S 

Run  2 

1 

Least  cost  only 

(A)  0.96 

(A)  0.87 

(B)  1.14 

(B)  1.23 

(I)  0.83 

■ 

m 

Hopper  only** 

(D) 1.72 

(D)  2.39 

(D)  2.48 

03 

Clamshell  only** 

(H)  1.11 

(H)  1.16 

(H)  1.44 

(H)  2.19 

(H)  1.10 

(« 

Hydraulic  only** 

(S)  1.67 

(S)  1.32 

(V)  3.69 

(V)  5.58 

(S)  1.50 

(S 

NOTES: 

See  page  numbers  l&2for  general  notes  and  legend  of  dredg* 

* Large  hydraulics  and  hoppers  not  practical  at  dredge  site  { 
dimensions  of  waterway 

#Least  cost  utilizing  any  system  whether  currently  avallabl 
engineering  and  testing  prior  to  use. 

♦♦Cost  for  currently  available  systems  only  equipment  avails 
presently  located  In  the  bay-area. 
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ALTERNATIVE  DISPOSAL  SCHEMES 


( + 

17c/Cu/Yd) 

Italuma  Pinole 

Richmond 

San 

W.  Richmond 

Richmond 

Oakland 

San 

Redwood 

tver 

Shoal 

L.  W. 

Rafael  Cr. 
* 

Channel 

Harbor 

Harbor 

Franc isco 

City 

* 

Sherman  Island 

Land  Disposal 

>8 

33 

45 

44 

44 

42 

57 

57 

76 

[B)  1.45 

(I)  0.71 

(A) 

0.92 

1.21 

(A)  0.82 

(I) 

0.91 

(A) 

1.09 

(A) 

1.03 

(A)  1.18 

(D) 

1.91 

(D) 

2.93 

(D) 2.39 

(D) 

2.91 

(D) 

3.79 

(D) 

3.56 

(D)  4.05 

[H)  2.60 

(H) 

1.32 

(H) 

1.40 

(H)  1.47 

(H) 

1.41 

(H) 

1.73 

(H) 

1.60 

(H)  1.78 

(S) 

1.70 

(3) 

3.12 

(S)  3.97 

(S) 

3.34 

(S) 

3.36 

(S) 

5.35 

(S)  4.72 

[B) 

1.23 

(I) 

0.83 

(B) 

0.91 

(B) 

1.04 

(A) 

0.89 

(B)  0.90 

(G) 

1.11 

(B) 

1.04 

(J) 

1,09 

(D) 

2.48 

O) 

3.88 

(D) 

3.14 

(D)  3.85 

(D) 

5.06 

(D) 

4.74 

(D) 

5.41 

(H) 

2.19 

(H) 

1.10 

(H) 

1.17 

(H) 

1.96 

(H) 

1.19 

(H)  3.18 

(H) 

1.43 

(H) 

1.30 

(H) 

1.41 

[V) 

5.58 

(S) 

1.50 

(S) 

2.87 

(V) 

8.76 

(S) 

3.68 

(S)  3.09 

(S) 

3.00 

(S) 

5.02 

(S) 

• 

U> 

00 

>tes  and  legend  of  dredge  methods. 

Tactical  at  dredge  site  due  to  narrow  or  shallow 

lather  currently  available,  would  require  extensive 

tee. 

ias  only  equipment  available  although  not  necessarily 


ALTERNATIVE  DISPOSAL 


r 


Scheme  IV:  Closest  Aquatic  Disposal  w/lowest  Unit  Cost 


Dredge  Site 

Sulsun 

Mare 

Napa 

Petaluma 

Pinole 

Rlctal 

Bay 

Island 

Rljer 

River 

* 

Shoal 

L.  if 

Dlsoosal  Site 

Carqulnez  Carqulnez 

Carqulnez  " 

an  Pablo  Carqulnez  San 

PabI 

Distance  Miles 

9 

3 

11 

12 

4 

5 

Run  1 

Least  cost  only 

(C) 

0.40 

(D)  0.31 

0.76 

(E)  1.09 

(D)  0.25 

(D) 

Hopper  only** 

(D) 

0.45 

(°)  0.31 

* 

* 

(D)  0.25 

(D) 

Clamshell  only** 

(E) 

0.76 

(E)  0.79 

(E)  1.09 

(E)  0.69 

(E) 

Hydraulic  only** 

(W) 

1.08 

(X)  0.38 

(Z)  0.63 

(M) 

Run  2 

Least  cost  only 

(C) 

0.47 

(K)  0.27 

(E)  0.59 

(E)  0.87 

(D)  0.35 

(E) 

Hopper  only** 

(D) 

0.63 

(D)0.43 

* 

* 

(D)0.35 

(D) 

Clamshell  only** 

(E) 

0.60 

(E)  0.62 

(E)  0.59 

(E)  0.87 

(E)  0.55 

(E) 

Hydraulic  only** 

(W) 

0.87 

(X)  0.27 

(Y)  1.63 

(Y)  2.10 

(Z)  0.48 

(Z) 

L NOTES: 

See  page  numbers  l&2for  general  notes  and  legend  of  dredge  method 

. *Large  hydraulics  and  hoppers  not  practical  at  dredge  site  due  to 

dimension  of  waterway. 

#Least  cost  utilizing  any  system,  whether  currently  available,  wou 
•.  engineering  and  testing  prior  to  use. 

**Cost  for  currently  available  systems  only  equipment  available  alt 
presently  located  In  the  bay-area. 
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ALTERNATIVE  DISPOSAL  SCHEMES 


lit  Cost 


luma  Pinole  Richmond  San  W.  Richmond  Richmond  Oakland 

r Shoal  L.  W.  Rafael  Cr.  Channel  Harbor  Harbor 

* 

>lo  Carquinez  San  Pablo  San  Pablo  San  Pablo  San  Pablo  Alcatraz 


San 

Franc lsco 
San  Bruno 


4 

5 5 

7 

7 

7 

3 

1.09 

(D)  0.25 

(D)  0.45  0.66 

(D)  0.37 

(D)  0.52 

(C)  0.54 

(D) 

0.27 

* 

(D)  0.25 

(D)  0.45  * 

(D)  0.37 

(D)  0.52 

(D)  0.70 

(D) 

0.27 

1.09 

(E)  0.69 

(E)  0.62 

(E)  0.70 

(E)  0.65 

(E)  0.85 

(E) 

0.70 

(Z)  0.63 

(M)  0.89 

(M)  1.22 

(Z)  1.01 

(Z)  1.06 

(C.) 

0.63 

0.87 

(D)  0.35 

(E)  0.49 

(E)  0.52 

(C)  0.47 

(E) 

0.50 

(C) 

0.63 

(D) 

0.38 

* 

(D)0.35 

(D)  0.64 

* 

(D)  0.52 

(D) 

0.73 

(D) 

0.99 

(D) 

0.38 

0.87 

(E)  0.55 

(E)  0.49 

(E)  0.52 

(E)  0.55 

(E) 

0.50 

(E) 

0.66 

(E) 

0.55 

2.10 

(Z)  0.48 

(Z)  0.77 

(A,)  1.56 

(Z)  1.11 

(Z) 

0.84 

(Z) 

0.83 

(B.) 

0.58 

legend  of  dredge  methods, 
at  dredge  site  due  to  narrow  or  shallow 


urrently  available,  would  require  extensive 
equipment  available  although  not  necessarily 
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S 

f. 


Redwood 

City 

South  Bay 
3 

(D)  0.31 

(D)  0.31 

(E)  0.69 
(CO  0.48 

(K)  0.41 

(D)  0.43 

(E ) 0.54 
(X)  0.41 


ALTERNATIVE  DISPOSAL  S 


Scheme  V:  Closest  Seaward  Aquatic  Disposal  Site  W/Lovest  Unit  Cost 


Dredge  Site 

Sulsun 

Mare 

Napa 

Petaluma 

Pinole 

Rictu 

Bay 

Island 

River 

River 

Shoal 

L.  W. 

* 

* 

DiSDOsal  Site 

Carqulnez  Carqulnez 

Carqulnez 

San  Pablo 

San  Pablo 

Alcatr 

Distance  Miles 

9 

3 

11 

12 

5 

9 

Run  1 

Least  cost  only 

(C) 

0.40 

(D)  0.31 

0.76 

(E)  1.09 

(D)  0.29 

(O  1 

Hopper  only** 

(D) 

0.45 

(D)  0.31 

* 

* 

(D>0.29 

(D) 

Clamshell  cnly** 

(E) 

0.76 

(E)  0.79 

(E)  1.09 

(E)  0.69 

(E) 

Hydraulic  only** 

(W) 

1.08 

(X)  0.38 

(Z)  0.66 

(Y) 

Run  2 

Least  cost  only 

(C) 

0.47 

(K)  0.27 

(E)  0.59 

(E)  0.87 

(D)  0.41 

(E) 

Hopper  only** 

(D) 

0.63 

(D)  0.43 

* 

* 

(D)  0.41 

(D) 

Clamshell  only** 

(E) 

0.60 

(E)  0.62 

(E)  0.59 

(E)  0.87 

(E)  0.55 

(E) 

Hydraulic  only** 

(W) 

0.87 

(X)  0.27 

(Y)  1.63 

(Y)  2.10 

(Z)  0.51 

(W) 

NOTES: 


See  page  numbers  l&2for  general  notes  and  legend  of  dredge  methodsJ 

♦Large  hydraulics  and  hoppers  not  practical  at  dredge  site  due  to  na| 
dimension  of  waterway. 

tFLeast  cost  utilizing  any  sytem,  whether  currently  available,  would 
engineering  and  testing  prior  to  use. 

♦♦Cost  for  currently  available  systems  only  equipment  available  altti<| 
presently  located  in  the  bay-area 


TERNATIVE  DISPOSAL  SCHEMES 
Jnlt  Cost 

Pinole  Richmond  San  W.  Richmond  Richmond  Oakland  San  Redwood 

Shoal  L.  W.  Rafael  Cr.  Channel  Harbor  Harbor  Francisco  City 

San  Pablo  Alcatraz  Alcatraz  Alcatraz  Alcatraz  Alcatraz  Alcatraz  South  Bay 


5 

9 

11 

7 

8 

7 

7 

3 

J 

(D)  0.29 

(C) 

0.50  0.86 

(D)  0.37 

(C)  0.55 

(C) 

0.54 

(D) 

0.46 

(D) 

0.31 

(D)0.29 

(D) 

0.63  * 

(D)0.37 

(D)  0.57 

(D) 

0.70 

(D) 

0.46 

(D) 

0.31 

9 

(E)  0.69 

(E) 

0.65 

(E)  0.70 

(E)  0.65 

(E) 

0.85 

(E) 

0.70 

(E) 

0.69 

(Z)  0.66 

(Y) 

1.12 

(M)  1.22 

(Z)  1.07 

(Z) 

1.07 

(M) 

1.34 

(C.) 

0.48 

7 

(D) 

0.41 

(E) 

0.50 

(E)  0.68 

(C) 

0.47 

(E)  0.50 

(c) 

0.63 

(E) 

0.55 

(K) 

0.41 

(D) 

0.41 

(D) 

0.89 

★ 

(D) 

0.52 

(0)0.80 

(D) 

0.99 

(D) 

0.65 

(D) 

0.43 

7 

(E) 

0.55 

(E) 

0.50 

(E)  0.68 

(E ) 

0.55 

(E)  0.50 

(E) 

0.66 

(E) 

0.55 

(E) 

0.54 

0 

(Z) 

0.51 

(W) 

0.94 

(Y)  2.63 

(Z) 

1.11 

(Z)  0.90 

(Z) 

0.83 

(Z) 

1.24 

(X) 

0.41 

d of  dredge  methods. 

redge  site  due  to  narrow  or  shallow 

ly  available,  would  require  extensive 

sent  available  although  not  necessarily 
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ALTERNATIVE  D13PC6AL  9 


Scheme  VI : 

In  Compliance  w/C, 

.R.W.Q.v .0. 

Criteria  W/Lowest  L’nit 

Cost 

Dredge  Site 

Sulsun 

Bay 

Mare 

Island 

Napa 

Rl*ver 

Petaluma 

River 

Pinole 
Shoe.  1 

Rich* 
L.  4, 

Disposal  Site 

Alcatraz 

100  F 

100  F 

A lcatraz 

San  Pablo 

100  P 

Distance  mmoc 

33 

56 

64 

25 

5 

38  ’ 

Run  1 

Least  cost  only 

(C)  0.64 

(A)  0.68 

1.19 

(E)  1.35 

(D)  0.29 

(A)  j 

Hopper  only*-* 

(D)  1.37 

(D)  2.33 

* 

* 

(0)0.29 

(D) 

Clamshell  only** 

(E)  0.89 

(E)  1.19 

(E)  1.35 

(E)  0.69 

(E)  j 

Hydraulic  only** 

00  2.19 

(W)  1.91 

(Z)  0.66 

OO  j 

Run  2 

Least  cost  only 

(C)  0.63 

(A)  0.72 

(B)  0.99 

(E)  1.08 

(D)  0.41 

(E)  j 

Hopper  only** 

(D)  1.92 

(D)  3.28 

•k 

* 

(D)  0.41 

(D)  j 

Clamshell  only** 

(E)  0.67 

(E)  0.90 

(E)  1.18 

(E)  1.08 

(E)  0.55 

(E)  j 

Hydraulic  cnly** 

(W)  1.93 

00  1.70 

(Y)  5.23 

(Y)  3.21 

(Z)  0.51 

oo  i 

NOTES: 

See  page  numbers  V.SSfor  general  notes  and  legend  cf  dredge  met 

*Large  hydraulics  and  hoppers  not  practical  at  dredge  site  du« 
dimension  of  waterway. 

^Least  cost  utilizing  any  system  whether  currently  available,  1 
engineering  and  testing  prior  to  use. 

**Cost  for  currently  available  systems  only  equipment  available 
presently  located  in  the  bay>area. 


s 

s 

I 

* 

* 


s 


5* 

i. 
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LTERNATIVE  DISPCSAL  SCHEMES 
nit  Cost 


i a 

Pinole 

Richmond 

San 

W.  Richmond 

Richmond 

Oakland 

San 

Redwood 

Sho*l 

L.  W. 

Rafael 

* 

Cr.  Channel 

Harbor 

Har bor 

Francisco 

City 

az 

San  Pablo  1 00  F 

100  F 

Alcatraz 

100  F 

100  F 

100  F 

100  F 

5 

38 

40 

7 

37 

38 

39 

56 

35 

(D)  0.29 

(A) 

0. 

,77 

1.06 

(D) 

0.37 

(A) 

0.82 

(c) 

0.86 

(C) 

0.80 

(C) 

0.91 

r 

(D  )0. 29 

(D) 

1. 

.95 

* 

(D) 

0.37 

(E) 

2.01 

(D) 

2.15 

(D) 

1.98 

(D) 

2.46 

35 

(E)  0.69 

(E) 

0, 

.89 

(E) 

0.70 

(E) 

0.84 

(E) 

0.99 

(E) 

0.94 

(E) 

1.10 

(Z)  0.66 

(W) 

2, 

.64 

(M) 

1.22 

(W) 

2.89 

(W) 

2.48 

(W) 

3.93 

(W) 

3.59 

08 

(C) 

0.41 

(E) 

0.64 

(B) 

0.89 

(C) 

0.47 

(E) 

0.61 

(E) 

0.74 

(E) 

0.68 

(E) 

0.81 

(D) 

0.41 

(D) 

2.75 

+■ 

(0) 

0.52 

(D) 

2.82 

(D) 

0.0? 

(D) 

2.78 

(D) 

3.45 

08 

(E) 

0.55 

(E) 

0.64 

(E) 

1.50 

(E) 

0.55 

(E) 

0.61 

(E) 

0.74 

(E) 

0.68 

(E) 

0.81 

21 

(Z) 

0.51 

(W) 

2.40 

(Y) 

7.90 

(Z) 

1.11 

(W) 

2.66 

(W) 

2.16 

(W) 

3.64 

(W) 

3.29 

I legend  cf  dredge  methods 

sal  at  dredge  site  due  to  narrow  or  shallow 
currently  available,  would  require  extensive 
y equipment  available  although  not  necessarily 


It 
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ALTERNATIVE  DISPOSJ 


Scheme  VII:  In  Compliance  W/C.R.W.Q.C.B.  Criteria  (Aquatic  Disposal  Ex/La 


Dredge  Site 


Disposal  Site 


Distance  Miles 


Run  1 


Least  cost  only 


Hopper  only** 


Clamshell  only** 


Hydraulic  only** 


Run  2 


Least  cost  only 


Hopper  only** 


Clamshell  only** 


Hydraulic  only** 


■W 


Sulsun  Mare 

Bay  Island 


Napa 

River 

* 


Petaluma 

River 

* 


Alcatraz  Petaluma 


Petaluma 


Alcatraz 


San  Pablo  Pe 


(C)  0.64  (A)  0.71 


(E)  1.35  (D)  0.29 


(D)  1.37  (D)  1.19 


(D)  0.29  (D) 


(E)  0.89  (H)  1.27 


(E)  1.35  (E)  0.69  ( 


(S)  2.19  (S)  1.04 


(C)  0.64  (A)  0.76 

(D)  1.92  (D)  1.49 


(B)  1.02  (E)  1.08  (D)  0.41 


(E)  0.67  (H)  1.04  (H)  1.17  (E)  1.08  (E)  0.55 


(W)  1.93  (S)  0.89 

+ 19c 


(V)  2.65  (Y)  3.21 

+ 19c 


(Z)  0.51 


NOTES : 


See  page  numbers  1&2 for  general  notes  and  legend  of  dredge  metl 


*Large  hydraulics  and  hoppers  not  practical  at  dredge  site  due 
dimension  of  waterway. 


#Least  cost  utilizing  any  sytem,  whether  currently  available,  wi 
engineering  and  testing  prior  to  use. 


**Cost  for  currently  available  systems  only  equipment  available  i 
presently  located  in  the  bay-area. 


ALTERNATIVE  DISPOSAL  SCHEMES 


(Aquatic  Disposal  Ex/Land  Disposal  In  Place  of  100  F Line) 


ptaluma 

k" 

Pinole 

Shoal 

Richmond 
L.  W. 

San 

Rafael  Cr. 
★ 

W.  Richmond 
Channel 

Richmond 

Harbor 

Oakland 

Harbor 

San 

Francisco 

L 

ilcatraz 

San  Pablo 

Petaluma 

Petaluma 

Alcatraz 

Petaluma 

Petaluma 

Petaluma 

25 

5 

16 

14 

7 

13 

28 

29 

(E)  1.35 

(D)  0.29 

0.80 

1.09 

(D)  0.37 

(I)  0.79 

(A)  0.97 

(A)  0.91 

* 

(D)  0.29 

(D)  1.40 

* 

(D)  0.37 

(D)  1.21 

(D)  2.22 

(D)  2.12 

(E)  1.35 

(E)  0.69 

(H)  1.10 

(E)  0.70 

(H)  1.08 

(H)  1.36 

(H)  1.27 

(Z)  0.66 

(S)  1.70 

(M)  1.22 

(S)  1.60 

(S)  2.12 

(S)  3.25 

(E)  1.08 

(D)  0.41 

(B)  0.79 

(B)  0.73 

(C)  0.47 

(B)  0.59 

(G)  0.43 

(B)  0.92 

* 

(D)  0.41 

(D)  1.77 

* 

(D)  0.52 

(D)l .56 

(D)  2.89 

(D)  2.62 

(E)  1.08 

(E)  0.55 

(H)  0.91 

(H)  1.23 

(E)  0.55 

(H)  0.89 

(H)  1.11 

(H)  1.02 

(Y)  3.21 

(Z)  0.51 

(X) 

+ 1 9<? 

(Y) 

+19<p 

(Z)  1.11 

(S)  1.41 
+ 19c 

(S)  1.83 
+ 19c 

(S)  2.98 
+ 19c 

and  legend  of  dredge  methods. 

:lcal  at  dredge  site  due  to  narrow  or  shallow 

ir  currently  available,  would  require  extensive 

>nly  equipment  available  although  not  necessarily 


Redwood 

City 

Petal uma 
47 

(A)  1.06 
(D)  2.62 

(H)  1.46 
(S)  3.18 

(J)  0.98 

(D)  3.52 

(H)  1.18 

(S)  2.90 
+19c 


